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[57] ABSTRACT
Compounds of the formula

I
((I:HZ)H: II{I ﬁ)
rR3—~-S~—CH;—CH~-C—NH~CH—(C—2Z
!:l)

wherein Z 1S

1[13
—NH—CH-—~COR,,

proline, pipecolic acid, an indolecarboxylic acid or an
isoquinolinecarboxylic acid. These compounds are use-
ful as cardiovascular agents.

5 Claims, No Drawings
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TRIFLUOROMETHYL MERCAPTAN AND

MERCAPTOACYL DERIVATIVES AND METHOD
OF USING SAME

RELATED APPLICATION
—N_ .- —N

This application is a division of Ser. No. 690,436 filed CH—COR; or CH—CORy
Apr. 24, 1991, now U.S. Pat. No. 5,233,516, which is a (L)
continuation-in-part of Ser. No. 497,386 filed Mar. 22, 10 |

. :
1990, now abandoned. m 1S Z€ro Or 1

n 1s zero, 1 or 2:

SUMMARY OF THE INVENTION p is zero or 1 to 6;
tis 2, 3 or 4;

In accordance with the present invention, novel neu- 15  with the proviso that m and p are both zero when Y
tral endopeptidase inhibitors and methods for their use is

are disclosed. Compounds of the present invention,
useful, for example, as cardiovascular agents, have the N
general formula

20 ,
(]:FB |
| COR
(CH, i
Ra"S—CHz-fH—ﬁ—NH—X 25 and with the proviso that m and p are not both zero
O when Y 1s —COR»;
R1 and Rg are independently hydrogen, lower alkyl,
wherein X is halo substituted lower alkyl,
30
1|{1 1|{1 ‘I:I) —(CHz), , —{(CHj3)—CORy,
CH—T—(CH2),—Y or —CH—C—Z; R4
171
35 —(CHj),—cycloalkyl, —(CHj),~(a-naphthyl),
Y can be —CORy, |
N —(CHz),—(8-naphthyl),
40
COR»
45

phenyl, phenyl substituted with alkyl of 1 to 4 carbons,
alkoxy of 1 to 4 carbons, alkylthio of 1 to 4 carbons,
hydroxy, halo, nitro or trifluoromethyl, or a heterocy-
clic group selected from thiazolyl, 4,5-dihydrothiazolyl,
pyridyl, oxazolyl, isoxazolyl, imidazolyl, tetrazolyl, 50
benzimidazole, benzothiazolyl or benzoxazolyl includ-
ing substituted heterocyclic groups wherein the substit-
uents are selected from halo, alkyl and phenyl;

Z can be | 55
Rg CH l |
| /- ( 2)"\ —(CHy), I l , —(CH;),—NHy,
—NH—CH—COR;, —N CH—COR3, rlq
&) 60 H
| ~~(CH2),—SH, -—{CHj);—S-—lower alky],
O .
65 —(CH3),—OH, —(CH2),—S—(CH3), ,
—N CH—COR,;, -—N CH—COR>,
(L) (L)

—(CHz2),~—0O~—lower alkyl,
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-continued
—(CH3);—0—(CH2), :
Rs
NH
Va
NH,;

or

—(CHy), ;
O

R, and Rg are independently hydroxy, lower alkoxy,
(phenyl)lower alkoxy,

2

—OOSM@ where M+ 1s a salt forming metal ion,

i
—O—CH—OC~R7

I
Rg¢

or —NRR' where R and R’ are independently selected
from hydrogen, alkyl and |

—(CH3),

R3 1s hydrogen,

O

Rs—C—, or CHy—;

R4 is hydrogen, lower alkyl of 1 to 4 carbons, lower
alkoxy of 1 to 4 carbons, lower alkylthio of 1 to 4 car-
bons, halo, hydroxy, CF3, phenyl,

—CH> or —0O—CH;

Rs 1s lower alkyl,

- (CHZ)Q y
R4

—(CH2),—(a-naphthyl),

—(CH3);—(B-naphthyl), —(CHj);—cycloalkyl,
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-continued

_(CHz)q—Ha. —(CHZ)q"U,
S O
N .
—(CHz)g—B ) |, —(CHz)g—F J
. N 1?

H

or

_(CHz)q >

N

;
H

R 1s hydrogen, lower alkyl, cycloalkyl or phenyl;
R7is hydrogen, lower alkyl, lower alkoxy or phenyl;
r 1s an integer from 1 to 4; and,

q 1s zero or an integer from 1 to 7.

DETAILED DESCRIPTION OF THE
| INVENTION

This invention in its broadest aspects relates to neu-
tral endopeptidase inhibitors of formula I and to the
methods of treating congestive heart failure, lowering
blood pressure and producing diuresis and natriuresis
by administering a pharmaceutical composition contain-
ing same. Unexpectedly, the trifluoromethyl substituent
compounds of formula I have been found to be signifi-
cantly more active as neutral endopeptidase inhibitors
than mercaptan and mercaptoalkanoyl compounds not
having the trifluoromethyl moiety.

The term lower alkyl used in defining various sym-
bols refers to straight or branched chain radicals having
up to seven carbons unless specifically stated otherwise.
The preferred lower alkyl groups are straight or
branched chain of up to four carbons. Similarly the
terms lower alkoxy and lower alkylthio refer to such
lower alkyl groups attached to an oxygen or sulfur.

The term cycloalkyl refers to saturated rings of 4 to 7
carbon atoms with cyclopentyl and cyclohexyl being
most preferred.

The term halogen refers to chloro, bromo, fluoro and
10do.

The term halo substituted lower alkyl refers to such
lower alkyl groups described above in which one or
more hydrogens have been replaced by chloro, bromo
or fluoro groups such as trifluoromethyl, which 1s pre-
ferred, pentafluoroethyl, 2,2,2-trichloroethyl, chloro-
methyl, bromomethyl, etc.

The symbols
~cio T} o]
S O
_(CHz)q@, etc.,
N
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represent that the alkylene bridge is attached to an
available carbon atom.

The compounds of formula I can be prepared by
coupling a carboxylic acid of the formula

(IZF;; |
(CHE)H

|
R3~—S~—CH;—CH—C—OH

|
0O
to the amino intermediate of the formula

HoN—X (11D)

The intermediate of formula III can be employed as
the free base or as the hydrochlonde salt. The carbox-
ylic acid of formula II is preferably converted to an
activated form such as an acid chloride, mixed anhy-
dride, etc.

Preferably, the amino intermediate of formula III is
first treated with bis(trimethylsilyl)trifluoroacetamide
or bis(trimethylsilyl)acetamide in an aprotic solvent
such as tetrahydrofuran or acetonitrile followed by
addition of compound 1I as the acid chloride.

The above coupling step can also be carried out using
the protected form of compound 1I, that is,

CE3

I
(CH3)p

I
Prot—S—CH;—CH—C—0OH

It

I
O

where Prot 1s a protecting group, e.g., p-methoxyben-
zyl. Subsequent deprotection can be accomplished by
known methods, such as those described in U.S. Pat.
No. 4,311,697 by Krapcho.

Alternatively, the reaction 1s preferably carried out in
the presence of an organic base, e.g. triethylamine. Two
equivalents of the amino intermediate III may be em-
ployed as both reactant and base.

For those cases wherein amino intermediate IIT does
not contain a free carboxylic acid, reaction of acid Il
and amine Il can also be effected with a water soluble
carbodiimide reagent such as [1-(3-dimethylamino-
propyl)-3-ethylcarbodiimide hydrochloride].

The resulting products, wherein X contains a
—COR > moiety which 1s an ester, can be hydrolyzed by
treating with a base such as soditum hydroxide to pro-
vide compounds where R; is hydroxy and R3 is hydro-
gen, since concomitant hydrolysis of an existing
acylthio group

O
| T
(1.e.,, Rz = R5C—)

also occurs.
The S-acyl derivatives of formula I

O
l

R3 = R5C—)

can be treated with a base, such as ammonium hydrox-
ide, hydroxylamine, sodium hydroxide and the like, to
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provide mercaptan derivatives (i.e., compounds of for-
mula I where R3=H) by known techniques.

Of course, the mercaptan products of formula |, 1.e.,
where R3 1s hydrogen, can be acylated with an acid
chioride of the formula

0 v
i

Rs—C—(l

to introduce other acyl groups.

The acylthio carboxylic acids of formula II are de-
scribed 1in vanous literature and patent references. For
example, such carboxylic acids wherein n=0 are de-
scribed by Ondetti et al. in U.S. Pat. No. 4,154,935.

Protected thiocarboxylic acids of formula II' are
prepared using methods described by Krapcho in U.S.
Pat. No. 4,311,097.

Compounds of formula II where n 1s other than zero
and R3is

O
|
Rs(C—,

may be prepared by alkylation of a malomnic ester with a
compound of formula V, where L’ represents a leaving

group such as iodo or trifluoromethanesulfonyloxy,

CF3(CH2) n """"'L': (V)

using a base such as sodium hydride or potassium hex-
amethyldisilylazide in an aprotic solvent such as tetra-
hydrofuran or dimethylformamide to give a substituted
malonic ester of the formula

CF3(CH2),—CH(CO2CHj3)s. (Vi)
Saponification of the malonic esters of formula VI and
Mannich reaction with dimethylamine and formalde-
hyde gives acrylic acids of formula

(CH2),Ck3 VIl

CH,” ~CO3H

which are reacted with a thio acid to give compounds
of formula II where n i1s other than zero and R3=£H.
Reaction of compounds of formula IT as described
above provides the S-acyl and mercaptan derivatives of
formula I where n is other than zero. Alternatively,
intermediates of formula II where n 1s other than zero

may also be prepared by condensation of an aldehyde of
formula

CF3(CHj),_ 1—CHO (VIID)

with malonic acid in the presence of acetyl chloride to
give compounds of formula

COyH

/
CF3—(CHg)p—1—CH=C

N\
CO;H

IX

Catalytic hydrogenation over palladium/carbon and
Mannich reaction and thio acid addition as described
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above affords the corresponding compounds of formula
II. | | |

Additionally, intermediates of formula II where n is
other than zero and R3 is benzyl may be prepared by
alkylation of an acid of the formula

X

CF3—(CH3)=——CO,H

n+1
with benzyl bromomethylthioether to give compounds
of formula IT wherein Rj3 is benzyl.

In the above reactions if R1 or Rs1s

—(CHz),—NH;, —(CH»), N,
L
N
|
H
—(CHj),—SH,
or
NH
(CH>3) NH C/
2 r \ »
NH,

then the amino, imidazolyl, mercaptan or guanidinyl
function should be protected during the coupling reac-
tion. Suitable protecting groups include benzyloxycar-
bonyl, t-butoxycarbonyl, benzyl, benzhydryl, trityi,
efc., and nitro in the case of guanidinyl. The protecting
group 1s removed by treatment with acid or other
known methods following completion of the reaction.
The ester products of formula I wherein Rj 1s

O
Il

'—l':)"""'(I'JH'-""C}"—C—'R-;r
Ré

can be obtained by treating the product of formula I
wherein Rj 15 hydroxy with a molar equivalent of a
compound of the formula

O X1
|

L—?H—O—C—R-;
R

wherein L 1s a leaving group such as chlorine, bromine,
toluenesulfonyloxy, etc., in the presence of a base, such
as triethylamine or potassium carbonate, in a polar sol-
vent such as dimethylformamide.

Preferred compounds of this invention are those of
formula I wherein

X 18

CH3

\

—CH—COOH , —CH—COOH,
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-continued
NH
—CH—COOH , —(CH3);—COOH,
L
CH COQOH
v/ ~ CHA '/
~=CH—COOH , —CH—COOH,
| “
N-—N
—(CH2)2—\\ , —CH—COQOH ,
N—N
I
N-—N
N-—N
—CH—COQOH, or
R3 is hydrogen,
CH3—C— or C—; and
[ |
O O

n 1S zero or one, especially zero.

The compounds of formula 1 wherein R 1s hydroxy
form salts with a variety of inorganic or organic bases.
The nontoxic, pharmaceutically acceptable salts are
preferred, although other salts are also useful in isolat-
ing or purifying the product. Such pharmaceutically
acceptable salts include alkali metal salts such as so-
dium, potassium or lithium, alkaline earth metal salts,
such as calcium or magnesium, and salts derived from
amino acids, such as arginine, lysine, etc. The salts are
obtained by reacting the acid form of the compound
with an equivalent of the base supplying the desired ion
in a medium 1n which the salt precipitates or in aqueous
medium and then lyophilizing.

As shown above, the compounds of formula I
wherein R or Rgis other than hydrogen contain asym-
metric centers as represented by the * in formula 1. An
additional asymmetric center is present in the ester
products when Rg is other than hydrogen. Thus, the
compounds of formula I can exist in enantiomeric Or
diastereomeric forms or in mixtures thereof. The above
described processes can utilize racemates, enantiomers
or diastereomers as starting materials. When diastere-
omeric products are prepared, they can be separated by
conventional chromatographic or fractional crystalliza-
tion methods.

The compounds of formula I inhibit the activity of
neutral endopeptidase (EC 3.4.24.11), a membrane-
bound zinc metallopeptidase found in many tissues in-
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ciluding the brain and kidney. Neutral endopeptidase
hydrolyzes peptide bonds which are on the amino ter-
minal side of hydrophobic amino acid residues.

While not Iimiting the scope of this invention to a

specific theory or mechanism of action, inhibition of 5

neutral endopeptidase is believed to result in reduced
Inactivation of exogenously administered or endoge-
nous atrial natriuretic peptides. Thus, the compounds of
formula I are useful in the treatment of hypertension,
congestive heart failure, renal failure or hepatic cirrho-
sis. Diuresis, natriuresis, and blood pressure reduction
are produced in a mammalian host such as man by the
admimistration of from about 1 mg to about 100 mg per
kg of body weight per day, preferably from about 1 mg
to about 50 mg per kg of body weight per day, of one or
more neutral endopeptidase inhibitors of formula I or a
pharmaceutically acceptable salt thereof. The neutral
endopeptidase mhibitors of formula I are preferably
administered orally, but parenteral routes such as subcu-
taneous, intramuscular, and intravenous can also be
employed. The daily dose can be administered singly or
can be divided into two to four doses administered
throughout the day.

The neutral endopeptidase inhibitors of formula 1 can
also be administered in combination with other blood
pressure lowering agents. For example, the neutral en-
dopeptidase inhibitors of formula 1 can be combined for
dual administration with an angiotensin converting en-
zyme (ACE) inhibitor such as captopril, zofenopril,
fosinopril, enalapril, lisinopril, etc. Such combination
would be at a weight ratio of endopeptidase inhibitor to
ACE inhibitor of from about 1:10 to about 10:1.

The neutral endopeptidase inhibitors of formula I can
also be administered in combination with human ANF
99-126. Such combination would contain the inhibitor
of formula I at from about 1 to about 100 mg per kg of
body weight and the human ANF 99-126 at from about
0.001 to about 0.1 mg per kg of body weight.

The neutral endopeptidase inhibitors of formula I or
pharmaceutically acceptable saits thereof can also be
administered to a mammalian host such as man to inhibit
the degradation of endogenous opioid pentapeptides,
[Met°}-enkephalin (Tyr-Gly-Gly-Phe-Met) and [LeuS}-
enkephalin (Tyr-Gly-Gly-Phe-Leu), in the brain or in
peripheral tissues.

For this reason the compounds of the invention are
useful 1in therapeutic areas including for example the
treatment of asthma, inflammation, pain, epilepsy, af-
fectlye disorders, dementia and geriatric confusion,
obesity and gastrointestinal disorders (especially diar-
rhea and 1irritable bowel syndrome), the modulation of
gastric acid secretion and the treatment of hyperrenina-
emia and leukemia. As such, the compounds of this
invention, and pharmaceutically acceptable salts
thereof, can be administered to patients orally or paren-
terally in an effective amount within the daily dosage
- range of from about 0.1 to about 25 mg of compound
per kg of patient body weight. Administration can be
once daily or in 2 to 4 divided daily doses.

Additionally, the compounds of formula I wherein X
1S

Iiil
e CH—COOH

also possess angiotensin converting enzyme inhibition
activity. Thus, these compounds of formula I are dual
inhibitors and can be employed in therapeutic areas in
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which angiotensin converting enzyme inhibitors such as
captopril have been reported to be useful. These areas
mclude cardiovascular uses such as treating hyperten-
sion, congestive heart failure, reducing pre- and postis-
chemic myocardial arrhythmias and fibrillation, etc., as
well as tmproving cognitive function, treating depres-
sion and anxiety, etc.

The 1nhibitors of formula I and other pharmaceuti-
cally acceptable ingredients can be formulated for the
above described pharmaceutical uses. Suitable composi-
tions for oral administration include tablets, capsules
and elixirs, and suitable compositions for parenteral
administration include sterile solutions and suspensions.
About 10 to 50 mg of active ingredient i1s compounded
with physiologically acceptable vehicle, carrier, excipi-
ent, binder, preservative, stabilizer, flavoring, etc., in a
unit dose form as called for by accepted pharmaceutical
practice.

The following examples are illustrative of the inven-
tion. Temperatures are given in degrees centigrade.

EXAMPLE 1
1-
[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxopropyl]-L-
phenylalanine
A.
N-[2-[(Acetylthio)methyl]-3,3,3-trifluoro-1-oxopropyl]-
L-phenylalanine

Phenylalanine (0.825 g, 5 mmol) was suspended in 10
ml. of methylene chloride, bis(trimethyisilyl) tri-
fluoroacetamide (4 ml.) was added, and the mixture was
stirred at room temperature for 3 hours. An additional 4
ml. of bis(tnimethylsilyDtrifluoroacetamide was added
and the mixture stirred overnight. Another 4 mL of
bis(trimethylsilyl) trifluoroacetamide was added, fol-
lowed by 5 mL dimethylformamide. All solid dissolved
over 3 hours to give a clear solution, which was cooled
to 5° C. 2-Trifluoro-methyl-3-acetylthiopropionyl chio-
ride (0.99 g, 4.22 mmol) in 2 mL of tetrahydrofuran was
added dropwise and the mixture stirred overnight at
room temperature. The reaction mixture was concen-
trated on the rotary evaporator. Water (20 mL) was
added to the residue and this mixture was stirred for 15
minutes and then partitioned between ethyl acetate and
J percent potassium hydrogen sulfate. The ethyl acetate
solution was washed with brine and concentrated to an
oil. This oil was chromatographed on 400 mL of Merck
silica gel, using 40:1:1 methylene chloride: methanol:a-
cetic acid as eluant to give the title A compound as an
oil (0.94 g, 2.6 mmol). TLC Rr=0.60 (20:1:1 methylene
chloride:methanol:acetic acid).

B.
1-[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxopropyl}-L-
phenylalanine

The title A compound (890 mg, 2.45 mmol) was
stirred at 0° under argon with 1.6 m1L. of concentrated
ammonium hydroxide and 3.5 ml. water for 5 minutes,
after which 100 mi of 5 percent potassium hydrogen
sulfate was added, and the resulting solution extracted
with ethyl acetate. The combined ethyl acetate extract
was washed with brine, dried over sodium sulfate and
concentrated to a yellow o1l, which was then chromato-
graphed on 300 mL of Merck silica, using 40:1:1 methy-
lene chloride:methanol:acetic acid as eluant to give the
title mixture of diastereomers as a white solid (120 mg),




5,414,013

11
m.p. 99° C. TLC Rr=0.64 (20:1:1 methylene chloride:-
methanol:acetic acid), [alp=+18.6° (c=0.5, metha-
nol).

Analysis calc’d for Ci3Hi14F3NO3S-0.65 H,0: C,
46.89; H, 4.63; N, 4.21; F, 17.11; S, 9.63; SH, 9.92;
Found: C, 46.56; H, 4.39; N, 4.19; F, 17.50; S, 9.61; SH,
10.18.

EXAMPLE 2

1- [3,3,3-Trifluoro-2-
(mercaptomethyl)-1-oxopropyl]-L.-alanine

A.
N-[2-[(Acetylthio)methyl]-3,3,3-trifluoro-1-oxopropyl]-
L-alanine

Alanine (445 mg, 5 mmol) was suspended in 5 mL of
methylene chloride, bis (trimethylsilyl) trifluoroaceta-
mide (4 mL) was added, and the resulting solution was
stirred for 3 hours at room temperature. Dimethylform-
amide (4 mL) was added, and the mixture stirred over-
night. All material went into solution. 2-Trifluorometh-
yl-3-acetylthio propionyl chioride (1 g, 4.26 mmol) in 2
mL of tetrahydrofuran was added, and the mixture was
stirred overnight at room temperature. The reaction
mixture was concentrated on the rotary evaporator.
The residue was then partitioned between ethyl acetate
and 5 percent potassium hydrogen sulfate. The ethyl
acetate solution was washed with 5 percent potassium
hydrogen sulfate and brine, and concentrated to a light
brown oil. This oil was chromatographed on 400 mL of
Merck silica gel, using 40:1:1 methylene chloride:me-
thanol:acetic acid as eluant, to give the title A com-
pound as a yellow oil (960 mg). TLC R=0.45 (20:1:1
methylene chloride:methanol: acetic acid).

B.
1-[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxo-propyl|-
L-alanine -

The title A compound (960 mg, 3.3 mmol) was stirred
at 0° C. under argon with 2.2 mL of concentrated am-
monium hydroxide and 4.7 mL of water for 10 minutes,
and then 5% potassium hydrogen sulfate (100 mL) was
added. The resulting solution was extracted with ethyl
acetate. The combined ethyl acetate extract was
washed with 5% potassium hydrogen sulfate and brine,
dried over magnesium sulfate and concentrated to an
oil, which was then chromatographed on 200 mI of
Merck silica gel, using 40:1:1 methylene chloride:me-
thanol:acetic acid as eluant, to give the title mixture of
diastereomers as a white solid (720 mg), m.p. 106°-107°
C., TLC R=0.40 (20:1:1 methylene chloride: me-
thanol:acetic acid), [a]p=—27.1° (c=0.73, methanol).
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Analysis calc’d for C7HoF3NO3S: C, 34.28; H, 4.11;

N, 5.71: F, 23.24; S, 13.07: SH, 13.49; Found: C, 34.52:
H, 4.25: N, 5.76; F, 23.20; S, 12.76; SH, 13.74.

EXAMPLE 3

N-[2-[(Acetylthio)methyl]-3,3,3-trifluoro-1-oxopropyll-
L-phenylalanine, isomer A

A stirred suspension of L-phenylalanine (7.60 g, 46
mmol) in 45 mL of dry acetonitrile under argon was
cooled to 0° C. and bis(trimethylsilyl)trifluoroaceta-
mide (24.7 mL, 92 mmol) was added. The reaction mix-

ture was allowed to stir and slowly warm to room tem-

perature. After 4 hours, practically all of the amino acid
was 1n the solution, which was light yellow in color.
2-Trifluoromethyl-3-acetylthio propionyl chloride (4.69
g, 20 mmol), dissolved in 10 mL of acetonitrile, was

33

65
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added dropwise over a period of about 45 minutes at 5°
C. and thereafter the reaction mixture was allowed to
warm to room temperature and stir overnight. The
mixture was evaporated under reduced pressure to give
a light yellow oil. The oil was partitioned between
water (75 mL) and ethyl acetate (100 mL). The entire
mixture was filtered to remove a white precipitate
(phenylalanine), and the organic layer was separated.
The aqueous phase was extracted once more with 50
mL of ethyl acetate. The combined ethyl acetate extract
was washed with brine, dried over anhydrous magne-
sium sulfate and evaporated to give 20.1 g of the crude
mixture of diastereomers as a light yellow solid. A 2.0 g
portion of the product was flash chromatographed on
silica gel (125:1 silica gel to compound), using ethyl
acetate: hexanes:acetic acid, 100:100:1 as the eluent, to
yield 0.370 g of the faster eluting diastereomer (isomer
A) and 0.383 g of the slower eluting diastereomer (iso-
mer B). The remaining 18.1 g of crude material was
flash chromatographed similarly to yield 2.67 g of iso-
mer A and 2.92 g of isomer B. The combined yield of
isomer A was 3.04 g as a white crystalline solid, m.p.
183°-185" C., TLC Rg=0.30 (200:100:1 ethyl acetate:-
hexanes:acetic acid), [a]p= —98.8° (c=1.00, methanol).

Amnalysis calc’d for CisH16F3INO4S: C, 49.58; H, 4.44;
N, 3.86; F, 15.69; S, 8.82; Found: C, 49.63; H, 4.35; N,
3.70; F, 15.35; S, 8.81.

EXAMPLE 4

N-[2-[(Acetylthio)methyl]-3,3,3-trifluoro-1-oxopropyl]-
L-phenylalanine, 1somer B

The crude mixture of diastereomers of Example 3
(20.1 g) was flash chromatographed on silica gel (125:1
silica gel to compound) using ethyl acetate:hexanes:a-
cetic acid (100:100:1) as the eluent to give the slower
eluting 1somer (i1somer B): 0.38 gand 2.92 g. The 2.92 g
portion was triturated with hexanes containing 10 per-
cent ethyl acetate, and the white crystalline solid was
filtered to give 0.72 g of material. The filtrate was con-
centrated to give 2.1 g of material which was flash
chromatographed as described above to give approxi-
mately 1.3 g of material which was combined with the
0.38 g and 0.72 g portions and evaporated from metha-
nol to yield 2.20 g of the title isomer B compound as a
white crystalline solid, m.p. 134°-136° C., TLC
Rr=0.14 (200:100:1 ethyl acetate:hexanes:acetic acid),
[a]p=+118° (c=1.00, methanol).

Analysis calc’d for CisHi16F3NO4S: C, 49.58; H, 4.44;
N, 3.86; F, 15.69; S, 8.82; Found: C, 49.58; H, 4.33; N,
3.78; F, 15.44; S, 8.54.

Examples 5 and 6 describe the preparation of the
single diastereomers, isomers A and B, corresponding
to the mixture of diastereomers of Example 1.

EXAMPLE 5

N-[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxopropyll-
L-phenylalanine, isomer A

A suspension of the title isomer A compound from
Example 3 (500 mg, 1.37 mmol) in 0.9 mL of concen-
trated ammonium hydroxide and 2 mL of water was
stirred at room temperature under argon for 5-6 min-
utes, during which time a clear solution resulted. The
solution was treated with 50 mL of 5 percent potassium
hydrogen sulfate solution and the resuiting agueous
solution was extracted with four 25 ml portions of
ethyl acetate. The combined ethyl acetate extract was
dried over anhydrous magnesium sulfate and evapo-
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rated to attord 0.43 g of crude product. Flash chroma-
tography over silica gel (125:1 silica gel to compound)
with CH>Cly:CH30H:HOACc, 40:1:1 gave 370 mg of
product. Similarly, another 2.30 g (6.3 mmol) of the title
isomer A compound from Example 3 was deacylated,
and purification by flash chromatography yielded 2.00 g
of product. The two products were combined and the
resulting solid was triturated with hexanes and a few
drops of ether. The solvent was decanted off and the
solid dried in vacuo to give 1.79 g of the title compound
as a white crystalline solid, m.p. 133°-134.5° C., TLC
R=0.30 (40:1:1 methylene chlornde:methanol:acetic
acid), [a]lp=—8.1° (¢=1.00, methanol).

Amnalysis calc’d for Ci3H14F3NO3S: C, 48.59; H, 4.39;
N, 4.36; F, 17.74; §, 9.98; SH, 10.29; Found: C, 48.47; H,
4.26; N, 4.30; F, 17.49; §, 10.34; SH, 10.57.

EXAMPLE 6

N-[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxopropyl]-
L-phenylalanine, isomer B

A suspension of the title isomer B compound of Ex-
ample 4 (2.05 g, 5.64 mmol) 1n 3.6 mL of concentrated
ammonium hydroxide and 8.0 mL of water was stirred
under argon for 7-10 minutes. The clear light yellow
solution was acidified with aqueous 5 percent potassium
hydrogen sulfate solution to pH 2 and extracted with
four 50 mlL portions of ethyl acetate. The combined
organmc extract was washed with 50 mL of brine, dried
over anhydrous magnesium sulfate and the solvent re-
moved under reduced pressure to afford 1.87 g of yel-
low solid. Flash chromatographic purification of the
crude product over siica gel (130:1 silica gel to com-
pound) using CH,Cl:CH30H: HOACc, 50:1:1 as eluent
gave 1.70 g of the title compound as a white solid, m.p.
148°-150" C., TLC Ry=0.29 (40:1:1 methylene chlori-
de:methanol:acetic acid), [a]p= +49.2° {(c=1.00, meth-
anol).

Analysis calc’d for Ci3H14F3NO3S: C, 48,59: H, 4.39;
N, 4.36; F, 17.74; §, 9.98; SH, 10.29; Found: C, 48.43; H,
4.10; N, 4.21; F, 17.42; S, 10.27; SH, 10.09.

EXAMPLE 7

N-[2-[(Acetylthio)methyl]-3,3,3-trifluoro-1-oxopropyl]-
L -tryptophan, isomer A

A stirred suspension of L-tryptophan (4.08 g., 20
mmol.) in 50 mL of dry acetonitrile under argon was
cooled to 0°-5° C. and bis(trimethylsilyl)trifluoroaceta-
mide (5.3 m1L, 20 mmol.) was added. The reaction mix-
ture was allowed to stir and warm to room temperature.
After 3 hours, the solution was cooled to 5° C. and a
solution of 2-trifluoromethyl-3-acetylthiopropionyl
chlonde (4.69 g., 20 mmol) in 7 mL of acetonitrile was
gradually added over 45 minutes. The reaction mixture
was allowed to stir overnight, gradually warming to
room temperature. The solvent was evaporated and the
yellow oily residue was partitioned between ethyl ace-
tate (50 mL) and water (35 mL). The aqueous phase was
further extracted with ethyl acetate (3 X 50 mL), and the
combined ethyl acetate extract was washed with brine,
dried (MgSQOy4) and evaporated to 14.15 g. of a yellow
oily residue. A 12.25 g. portion of the product was flash
chromatographed on silica gel (120:1 silica gel to com-
pound) using ethyl acetate: hexanes:acetic acid,
150:100:1 to give 1.9 g. of the faster eluting diastereo-
mer (isomer A), 4.2 g. of both diastereomers, and 1.5 g.
of the slower eluting diastereomer (isomer B). Further
elution with ethyl acetate:hexanes:acetic acid, 200:100:1
gave an additional 170 mg. of isomer B. The mixed
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fractions were rechromatographed using the same con-
ditions to give 1.65 g. of isomer A and 1.76 g. of isomer
B. The 19 g. and 1.65 g. portions of isomer A were
combined and recrystallized from toluene to give 2.8 g.
of off-white crystalline solid. An additional 360 mg. of
isomer A (from flash chromatography of 1.5 g. of the
crude product) was recrystallized from toluene to give
260 mg. of white crystalline solid; the total yield of title
isomer A compound was 3.06 g.; m.p. 140°-143° C,,
TLC Rp=0.46 (300:100:1 ethyl acetate:hexanes: acetic
acid), [a]p=96.0° (c=1.00, methanol).

Amnalysis calc’d for Ci7H17F3N204S: C, 50.74; H,
4.26; N, 6.96; F, 14.16; S, 7.97; Found: C, 50.47; H, 4.04;
N, 6.86; F, 13.82; S, 8.18.

EXAMPLE 8

N-[2-[(Acetylthio)methyl]-3,3,3-trifluoro-1-oxopropyl]-
L-tryptophan, isomer B

Combined isomer B from Example 7 (3.62 g.) was
recrystallized from toluene to give 2.56 of title isomer B
compound as a powdery white solid; m.p. 148°-151° C,,
TLC Rp=0.35 (300:100:1 ethyl acetate:hexanes:acetic
acid), [alp=+110.6" (c=1.00, methanol).

Analysis calc’d for Ci7H17F3N204S-0.1 H,O: C,
50.51; H, 4.29; N, 6.93; F, 14.10 S, 7.93 Found: C, 50.67;
H, 4.08; N, 6.62; F, 13.72; §, 7.82.

EXAMPLE ©

N-[3,3,3-trifluoro-2-(mercaptomethyl)-1-oxopropyl]-L-
tryptophan, isomer A

A suspension of the product of Example 7 (2.6 g., 6.5
mmol.) in 4.25 mL of concentrated ammonium hydrox-
ide and 9.3 mL of water was stirred at room tempera-
ture under argon for 12-13 minutes. The resulting solu-
tion was acidified with 200 mL of 5% potassium hydro-
gen sulfate and extracted with ethyl acetate (5 X 50 mL.).
The combined ethyl acetate extract was washed with
brine, dried (MgSQO4) and evaporated to give 2.4 g. of a

light yellow solid. This material was combined with an
additional 380 mg. of compound and flash chromato-

graphed on 300 g. of silica gel eluting with methylene
chloride:methanol:acetic acid, 40:1:1 to give 2.3 g. of
white solid. This solid was triturated with toluene con- .
taining approximately 5% ethyl acetate, and 1.25 g. of
white crystalline solid was collected by filtration. The
filtrate was evaporated to dryness and the residue was
triturated in a similar fashion to produce an additional
560 mg. of material which was combined with the initial
1.25 g. crop to yield 1.81 g. of title isomer A compound
as a white crystalline solid; m.p. 148.5°-150.5° C., TLL.C
Rp=0.48 (300:100:1 ethyl acetate:hexanes:acetic acid),
[alp= —10.3° (¢c=1.00, methanol).

Analysis calc’d for CisHisFiN20O3S: C, 49.99: H,
4.20; N, 7.78; F, 15.82; S, 8.90; SH, 5.18; Found: C,
49.98; H, 3.96; N, 7.54; F, 15.42; S, 9.12; SH, 9.38.

EXAMPLE 10

N-[3,3,3-trifluoro-2-(mercaptomethyl)-1-oxopropyl]-L.-
tryptophan, isomer B

A suspension of the product from Example 8 (2.41 g,
5.99 mmol) mm 3.75 mL of concentrated ammonium
hydroxide and 8.25 mL of water was stirred at room
temperature under argon for 12-15 minutes. The result-
ing solution was acidified with 200 mL. of 5% potassium
hydrogen sulfate and extracted with ethyl acetate
(3X50mL). The combined ethyl acetate extract was
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washed with brine, dried (MgSO4) and evaporated to
give 2.3 g. of a yellow gummy solid. Flash chromatog-
raphy on 315 g. of silica gel eluting with methylene
chloride:methanol:acetic acid, 40:1:1 gave 2.1 g. of a
light yellow, glassy residue which was triturated with
toluene containing approximately 5% ethyl acetate to
give 1.55 g. of title isomer B compound as a white crys-
talline solid, m.p. 144°-147" C., TLC Rg=0.44
(300:100:1 ethyl acetate:hexanes:acetic acid)
[a]p=+35.8° (c=1.00, methanol).

Analysis calc’d for CisHisF3N203S.0.1 H>O: C,
49.74; H, 4.23; N, 7.74; F, 15.74; S, 8.85; SH, 9.13;
Found: C, 50.04; H, 3.99; N, 7.45; F, 15.36; S, 9.08; SH,
9.34.

EXAMPLE 11

3-[[2-[(Acetylthio)methyl]-3,3,3-trifluoro- 1-oxopropyl-
Jamino]propanoic acid

A stirred suspension of S-alanine (1.34 g, 15 mmol) in
30 mL of dry acetonitrile under argon was cooled to
0°-5" C. and bis(trimethylsilyl)trifluoroacetamide (8.0
mL, 30 mmol) was added. The reaction mixture was
allowed to gradually warm to 6°-7° C. over 1 hour,
during which time all of the amino acid went into solu-
tion. 2-Trifluoromethyl-3-acetylthio propionyl chloride
(3.52 g, 15 mmol) was dissolved in 6 mL of acetonitrile
and added dropwise to the mixture at 5° C. over a per-
10d of 45 minutes, after which time the reaction mixture
was allowed to stir and warm to room temperature.
After 1.5 hours, the solvent was evaporated, the yellow
residual liquid was partitioned between water (50 mL)
and ethyl-acetate (50 mL), and the organic layer was
separated. The aqueous phase was further extracted
with ethyl acetate (3 X40 ml.) and the combined ethyl
acetate extract was washed with brine, dried over anhy-

drous magnesium sulfate and evaporated to yield 6.7 g

of yellow solid. Flash chromatography on silica gel
(100:1 silica gel to compound) using methylene chlori-
de:methanol: acetic acid, 40:1:1 as the eluent gave 1.62
g of material which was homogenous by TLC, as well
as 0.65 g of material which was nearly homogenous and
1.16 g of material which was impure but contained
mostly the desired product. The 0.65 g and 1.62 g por-
tions of product were triturated with hexanes:ethyl
acetate (4:1) to give 2.21 g of the racemic title product
as a white crystalline solid, m.p. 114°-116° C., TLC
Rr=0.44 (20:1:1 methylene chioride:methanol:acetic
acid).

Analysis calc’d for CoH12F3NO4S: C, 37.63; H, 4.21;
N, 4.88; F, 19.84; S, 11.16; Found: C, 37.62; H, 4.12; N,
4.83; F, 19.77; S, 11.38.

EXAMPLE 12

[3-[[2-(Mercaptomethyl)-3,3,3-trifluoro-1-oxopropyl-
Jamino]propanoic acid

A suspension of the title compound of Example 11
(2.08 g, 7.24 mmol) in 4.2 mL of concentrated ammo-
nium hydroxide and 9.3 mL of water was stirred at
room temperature under argon for 7-10 minutes, during
which period a clear solution was formed. The solution
was acidified to a pH of 2 with approximately 200 mL
of 5 percent potassium hydrogen sulfate and extracted
with ethyl acetate (5X50 mlL). The combined ethyl
acetate extract was washed with 50 mL of brine, dried
over anhydrous magnesium sulfate and evaporated to
give 1.74 g of an off-white solid. Flash chromatography
on silica gel (120:1 stlica gel to compound) using methy-
lene chloride:methanol: acetic acid, 40:1:1 as the eluent
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gave 1.50 g of compound. Similarly, a 1.2 g impure
fraction of the same starting material (nominally 4.2
mmol), on deacylation and flash chromatography, af-
forded another 0.45 g of the desired product. The two
fractions of product were combined to afford 1.95 g of
the title racemic compound as a white crystalline solid,
m.p. 108°-110° C., TLC Rf=0.40 (20:1:1 methylene
chloride:methanol:acetic acid).

Analysis calc’d for CH1oF3NO3S: C, 34.28; H, 4.11;
N, 5.71; F, 23.24; §, 13.07; SH, 13.49; Found: C, 34.36;
H, 404; N, 5.58; F, 22.94; S, 13.07; SH, 13.64.

EXAMPLE 13

N-[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxopropyl]-
L-aspartic acid

a)
N-[2-[(Acetylthio)methyl]-3,3,3-trifluoro-1-oxopropyl]-
L-aspartic acid

A stirred suspension of L-aspartic acid (2.66 g., 20
mmol.) in 35 mL of dry acetonitrile under argon was
cooled to 0° C. and bis(trimethylsilyDtrifluoroaceta-
mide (10.62 mL, 40 mmol) was added. The reaction
mixture was allowed to stir and gradually warmed to
room temperature overnight, and then 5 mL of dimeth-
ylformamide was added and the mixture was stirred for

2 hours. The resultant clear, light yellow solution was

cooled to 5° C. and 2-trifluoromethyl-3-acetylthiopro-
pionyl chloride (4.69 g., 20 mmol), dissolved in 6 mL of
acetonitrile, was added dropwise. The reaction mixture
was allowed to stir and warm to room temperature
overnight, and then the solvent was evaporated. The
yellow syrupy residue was partitioned between water
(50 mL) and ethyl acetate (50 ml), and the organic
layer was separated. The aqueous phase was further
extracted with ethyl acetate (3 X50 mL) and the com-
bined ethyl acetate extract was washed with brine,
dried (MgSQO4) and evaporated to yield 12.2 g. of a light
yellow residue. Flash chromatography on silica gel
(125:1 silica gel to compound) eluting with ethyl
acetate:acetic acid, 15:1 gave 5.25 g. of a major fraction

- which was a light yellow sticky solid and 0.63 g. frac-
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tion which was nearly homogeneous by TLC, for a
total of 5.88 g. of the title compound as a mixture of

diastereomers.
b)
N-[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxopropyl]jL-
aspartic acid

A suspension of the product from part (a) (4.68 g.,
14.1 mmol.) in 8.25 mL of concentrated ammonium
hydroxide and 20.6 mL of water was stirred at room
temperature under argon for approximately 10 minutes.
The resulting solution was acidified with 400 mL of 5%
potassium hydrogen sulfate and extracted with ethyl
acetate (4 X75 mL). The combined ethyl acetate extract
was washed with brine, dried (MgSO4), and evaporated
to give 3.41 g. of light yellow solid. Flash chromatogra-
phy on 350 g. of silica gel eluting with methylene chlori-
de:methanol:acetic acid, 15:1:1 gave 2.4 g. of a slightly
yellow solid which was triturated with methylene chlo-
ride containing a few drops of ethyl acetate and metha-
nol to give 2.1 g. of the title compound (an approxi-
mately 1:1 mixture of diastereomers) as a white crystal-
line solid, m.p., 180°-183° C., TLC Rp=0.31 (10:1:1
methylene chloride: methanol:acetic acid),
[a]p=—1.9° (¢=1.00, methanol).
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Analysis calc’d for CgHigF3NOsS.0.25 H»O: C,
32.70; H, 3.60; N, 4.77; F, 19.40; S, 10.91; SH, 11.26;
Found: C, 32.64; H, 3.20; N, 4.70; F, 19.23; S, 10.85; SH,
11.15.

EXAMPLE 14

N-[2-[(Acetylthio)methyl]-3,3,3-trifluoro-1-oxopropyl]-
L-(B)-naphthylalanine, isomer A

A stirred suspension of L-naphthylalanine (1.92 g.,
8.92 ml) in 40 ml. of acetonitrile under argon was
cooled to 0°-5° C. and bis(trimethylsilytrifluoroaceta-
mide (4.75 ml, 17.84 mmol) was added. The reaction
mixture was allowed to stir and gradually warm to
room temperature. After 1.5 hours, an additional 2.3
mL of bis(trimethylsilyl)trifluoroacetamide (8.7 mmol.)
was added which resulted in a clear solution in 20 min-
utes. The reaction mixture was cooled to 5° C. and
2-trifluoromethyl-3-acetylthiopropionyl chloride (2.09
g., 8.92 mmol.) dissolved in 6 ml. of acetonitrile was
added dropwise and the mixture gradually warmed to
room temperature. After an hour, the reaction mixture

was evaporated to a yellow solid residue, partitioned .

between water (50 mL) and ethyl acetate (75 mlL) and
the organic layer was separated. The aqueous layer was
extracted with additional ethyl acetate (3X45 ml.) and
the combined ethyl acetate extract was washed with
brine, dried (MgS0y4), and ethyl acetate removed in
vacuo to give 6.3 g. of light yellow solid residue. This
crude material was flash chromatographed over 700 g.
of silica gel eluting with ethyl acetate:hexanes:acetic
acid, 100:100:1 which gave 1.58 g. of fast eluting isomer
A and 1.56 g. of slow eluting isomer B. A 300 mg. por-
tion of isomer A was crystallized from hexanes: ethyl
acetate (2:1) to give 160 mg. of title isomer A compound
as a white long needle crystalline solid, m.p. 162°-164°
C., TLC R==0.29 (100:50:1 ethyl acetate: hexane:acetic
acid), [alp=—79.2° (¢=1.00, methanol).

Analysis calc’d for CioH13F3NO4S: C, 55.20; H, 4.39;
N, 3.39; F, 13.79; §, 7.76; Found: C, 55.02; H, 4.15; N,
3.29; F, 13.60; S, 7.54.

EXAMPLE 15

N-[2-[(Acetylthio)methyl}-3,3,3-trifluoro-1-oxopropyl]-
L-(f)-naphthylalanine, isomer B

The 1somer B product from Example 14 was flash
chromatographed again using ethyl acetate: acetic acid
(200:1.5) and ethyl acetate:hexanes: acetic acid
(100:50:1) as the eluent to remove isomer A impurity
and give 1.4 g. of title isomer B compound as a white
sohd, m.p. 166°-169° C., TLC Ry=0.15 (100:50:1 ethyl
acetate:hexane: acetic acid ) [alp=+116.3° (c=1.00,
methanol).

Analysis calc’d for CioH1gF3NO4S: C, 55.20; H, 4.39;
N, 3.39; F, 13.79; S, 7.76; Found: C, 54.96; H, 4.39; N,
3.35; F, 13.75; S, 7.83.

EXAMPLE 16

(S)-a-{]3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxo-
propyllamino}-2-naphthailenepropanoic acid, isomer A

A suspension of the product of Example 14, 2.01 g,
4.86 mmol) in 3.2 mL of concentrated ammonium hy-
droxide and 8.0 mL of water was stirred at room tem-
perature under argon for & minutes. The clear solution
was acidified with 5% potassium hydrogen sulfate solu-
tion to pH of about 2 and extracted with ethyl acetate
(4X50 mL). The combined ethyl acetate extract was
washed with brine, dried (MgS0Qy4), and evaporated to
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give 1.72 g. of light yellow waxy solid. Flash chromato-
graphic purification of this crude product over silica gel
(150:1 silica gel to compound) eluting with ethyl aceta-
te:hexanes:acetic acid (100:50:1) gave 1.42 g. of white
crystalline product which on treatment with toluene
and drying under vacuum afforded 1.24 g. of the title
isomer A compound as a white solid, m.p. 165°~-167° C.,
TLC Rp=0.26 (100:50:1 ethyl acetate: hexane:acetic
acid), [a]p=+31.9° (¢=1.00, methanol)}.

Amnalysis calc’d for C17H16F3NO3S: C, 54.98: H, 4.34;
N, 3.77; F, 15.35; S, 8.63; SH, 8.90; Found: C, 55.17; H,
429; N, 3.63; F, 15.42; §, 8.68; SH, 96.18.

EXAMPLE 17

(S)-a-[[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxo-
propyllamino]-2-naphthalenepropanoic acid, isomer B

A solution of the product of Example 15 (1.4 g.) in 10
mL of methanol was treated with a solution of hydroxy-
lamine hydrochloride (0.552 g., 7.94 mmol) in 7.9 mL of
IN sodium hydroxide and stirred at room temperature
under argon. The reaction was complete in 35 minutes
as judged by TLC. The reaction mixture was evapo-
rated, the resulting white solid was taken up in 25 mL of
water and extracted with ethyl acetate (4 X35 mL). The
combined organic extract was washed with 50 mL of
brine, dried (MgS0O4) and evaporated to give 1.4 g. of
white solid. Flash chromatography of this crude prod-
uct on stlica gel (180:1 silica gel to compound) eluting
with ethyl acetate:hexanes:acetic acid, 100:50:1) gave
1.24 g. of the title isomer B compound as a white crys-
talline solid, m.p. 172°-179° C. TLC R=0.19 (100:50:1
ethyl acetate:hexane:acetic acid), J|alpp=+71.3°
(¢=1.00, methanol)

Analysis calc’d for C17H1sF3NO3S: C, 54.98: H, 4.34;
N, 3.77; F, 15.35; S, 8.63; SH, 8.90; Found: C, 55.02; H,
4.30; N, 3.55; F, 15.18; §, 8.64; SH, 9.09.

EXAMPLE 18

N-[2-[(Acetylthio)methyl]-3,3,3-trifluoro-1-oxopropyl]-
L-leucine, isomer A

A stirred suspension of L-leucine (2.62 g., 20 mmol)
in 35 mU of dry acetonitrile under argon was cooled to
0°-5° C. and bis(trimethylsilyDtrifluoroacetamide (10.62
ml., 40 mmol) was added. The reaction mixture was
allowed to stir while slowly warming to room tempera-
ture. After 2 hours, another 3.5 mL (13 mmol) of bis(-
trimethylsilyDtrifluoroacetamide was added which re-
sulted 1n a clear lemon color solution on additional
stirring for one hour at room temperature. The reaction
mixture was cooled to 0°-5° C. and 2-trifluoromethyl-3-
acetylthiopropionyl chloride (4.69 g., 20 mmol.) dis-
solved in 8 mL of acetonitrile was added dropwise over
45 minutes. After stirring for 1.5 hours at 0°-5° C. to
room temperature, TLC shows completion of the reac-
tion. The reaction mixture was evaporated under re-
duced pressure to give a yellow oily residue which was
partitioned between ethyl acetate (75 mL) and water (50
mlL). The aqueous phase was further extracted with
ethyl acetate (4 X 50 mL), the combined extracts were
washed with 75 mL of brine, dried (MgSQO4), and evap-
orated to give 10.3 g. of a yellow semi-solid residue. A
0.68 g. portion of this crude material was flash chro-
matographed on 75 g. of silica gel eluting with ethyl
acetate: hexanes:acetic acid, 100:100:1 to yield 0.15 g. of
the faster eluting diastereomer (isomer A) and 0.12 g. of
slower eluting diastereomer (isomer B). The remaining
9.6 g. of crude material was flash chromatographed
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similarly (silica gel, 1300 g.) which gave 2.5 g. of isomer
A, 2.7 g. of a mixture of both the diastereomers, and 1.5
g. of isomer B. The mixed fractions were rechromato-

graphed using the same conditions to give 0.5 g. of

isomer A and 1.25 g. of isomer B. Both the 2.5 g. and 0.5
g. portions of isomer A were combined, triturated with
hexanes containing a few drops of ethyl acetate, fil-
tered, and dried to yield 2.57 g. of the title isomer A
product as a white crystalline solid, m.p. 150°-152° C,,
TLC Rf=0.40 (100:50:1 ethyl acetate:hexane:acetic
acid), [a]p= —146.9° (c=1.00, methanol).

Analysis calc’d for C1oH1sF3NO4S: C, 43.76; H, 5.51;
N, 4.25; F, 17.31; S, 9.73; Found: C, 43.79; H, 5.50; N,
3.96; F, 17.10; S, 9.81.

EXAMPLE 19

N-[2-[(Acetylthio)methyl]-3,3,3-trifluoro-1-oxopropyl]-
L-leucine, 1somer B

A portion of isomer B from Example 18 (2.61 g.) was
triturated twice with hexanes containing a few drops of
ethyl acetate and once with hexanes:ether (3:1) which
afforded on filtering and drying 1.6 g. of the title isomer
B product as a white crystalline solid; m.p. 110°-113°
C., TLC Ry=0.27 (100:50:1 ethyl acetate:hexanes:acetic
acid) [alp= +109.6° (¢=1.00, methanol).

Analysis calc’d for C12H1sF3NO4S: C, 43.76; H, 5.51;
N, 4.25; F, 17.31; S, 9.73; Found: C, 43.80; H, 5.56; N,
3.92; F, 17.03; S, 9.42.

EXAMPLE 20

N-{3,3,3-Trifluvoro-2-(mercaptomethyl
)-1-oxopropyl]-L-leucine, isomer A

A suspension of the product of Example 18 (2.3 g.,
6.98 mmol.) in 445 mlL of concentrated ammonium
hydroxide and 10 mL of water was stirred at room
temperature under argon for 8 minutes. The resulting
clear solution was acidified with 5% potassium hydro-
gen sulfate solution to pH 2 and extracted with 100 mL
of ethyl acetate followed by 3X75 ml of additional
extractions. The combined ethyl acetate extract was
washed with 100 mL of brine, dried (MgS0O4) and evap-
orated to give 1.94 g. of an off-white solid. Flash chro-
matography on 200 g. of silica gel eluting with ethyl
acetate: hexanes:acetic acid, 100:100:1 afforded 1.72 g.
of the title isomer A product as a white crystalline solid,
m.p. 143°-145° C., TLC R=0.38 (100:50:1 ethyl aceta-
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flash chomatography on 200 g. of silica gel eluting with
ethyl acetate:hexanes:acetic acid, 100:100:1 which af-
forded 0.93 g. of the title 1somer B product as a white
crystaliine solid, m.p. 132°-134° C., TLC Ry=0.33
(100:50:1 ethyl acetate:hexane:acetic acid) ,
[alp=+4.8° (c=1.00, methanol).

Analysis calc’d for C1oH16F3NO3S: C, 41.80; H, 5.61;

N, 4.88; F, 19.84; S, 11.16; SH, 11.51; Found: C, 41.83;
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Analysis calc’d for C10H16F3NO3S: C, 41.80; H, 5.61;
N, 4.88; F, 19.84; S, 11.16; SH, 11.51; Found: C, 41.89;
H, 5.62; N, 5.12; F, 19.51; S, 11.05; SH, 11.78.

EXAMPLE 21

N-[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxopropyl}-
L-leucine, 1somer B

A suspension of the product of Example 19, (1.3 g,
3.95 mmol.) in 2.52 ml. of concentrated ammonium
hydroxide and 5.6 mL of water was stirred at room
temperature under argon for 8 minutes. The clear solu-
tion was acidified with 5% potassium hydrogen sulfate
solution (120 mL) to pH 2 and extracted with 75 mL of
ethyl acetate followed by additional 3 X40 mL portions
of ethyl acetate. The combined ethyl acetate extract
was washed with 50 mL of brine, dried (MgSQ4), and
evaporated to give 1.04 g. of light yellow solid. This
material was combined with 35 mg. prepared in a simi-
lar way. This combined crude material was purified by

50

33

60

65

H, 5.66; N, 5.04; F, 19.67; S, 11.13; SH, 11.79.

EXAMPLE 22

2-(Acetylthiomethyl)-3,3,3-trifluoro-N-[2-(4-hydroxy-
phenyl)ethyl|propanamide

To a stirred solution of 4-(2-aminoethyl)phenol (4.60
g, 36.2 mmol) in 250 mL of dry methylene chloride
maintained at —10° C. was added a solution of 2-tri-
fluoromethyl-3-acetylthio propionyl chloride (4.24 g,
18.1 mmol) in 50 mL of dry methylene chloride and
then the reaction was stirred at —10° C. for 3 hours.
The reaction mixture was washed three times with 1IN
hydrochloric acid, and the organic layer was dried over
anhydrous magnesium sulfate, filtered and concentrated
in vacuo to yield 3.5 g of a yellow oil. The crude mate-
rial was flash chromatographed on 400 mL of LPS-1
silica gel using 2:1 hexane:ethyl acetate as the eluent;
isolation of product afforded 1.6 g of the title compound
as a clear oil. TLC Re=0.12 (4:1 EtOAc:CH,Cl).

Analysis calc’d for C14H16FF3NO3S-1.1' HO: C, 49.61;
H, 4.88; N, 4.13; F, 16.82; S, 9.46; Found: C, 49.38; H,
4.77; N, 4.34; F, 16.58; S, 9.51.

EXAMPLE 23

2-(Mercaptomethyl)-3,3,3-triﬂuoro-N{Z-@-hydroxy-
phenyDethyl]propanamide

A solution of the title compound of Example 22 (1.6
g.) in 20 ml. of methanol was treated with a solution of
IN ammonium hydroxide (9 mL, 5.0 mmol) and then
stirred at room temperature for 3 hours. The reaction
mixture was partitioned between ether and IN hydro-
chloric acid, and the layers separated. The organic layer
was washed with 1N hydrochloric acid and brine, dried
over anhydrous magnesium sulfate, filtered and concen-
trated in vacuo to yield 1.40 g of a glassy yellow solid.
The crude material was flash chromatographed on 300
mL of LPS-1 silica gel using 97:3 methylene chloride:
methanol as the eluent, to afford 0.74 g of the title com-
pound as a white solid, m.p. 98°-100° C.

Analysis calc’d for C, 48.84; H, 4.85: N, 4.75; F, 19.32;
S, 10.87; SH, 11.23; Found: C, 48.97; H, 4.63; N, 4.62; F,
18.96; S, 10.76; SH, 10.93.

EXAMPLE 24

- 2-(Acetylthiomethyl
)-3,3,3-trifluoro-N-|2-(4-pyridinyl)ethyl jpropanamide

To a stirred solution of 4-(2-aminoethyl)pyridine
(4.60 g, 37.7 mmol) in 250 mL of dry methylene chlo-
ride maintained at —10° C. was added a solution of
2-trifluoromethyl-3-acetylthiopropionyl chloride (4.38
g, 18.7 mmol) in 50 mL of dry methylene chloride and -
then the reaction was stirred at —10° C. for 3 hours.
The reaction mixture was washed four times with 5%
sodium hydrogen carbonate, and the organic layer was
dried over anhydrous magnesium sulfate, filtered and
concentrated in vacuo to yield 5.62 g of a yellow solid.
The crude material was flash chromatographed on 700
mL of LPS-1 silica gel using 4:1 ethyl acetate:methy-
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lene chioride as the eluent; isolation of product afforded
4.42 g of the title compound as a light yellow solid, m.p.
87°-89° C.

Analysis calc’d for Ci3HisFiN2O»S: C, 48.74; H,
4.72; F, 17.79; N, 8.75; S, 10.01; Found: C, 48.67; H,
4.64; F, 17.60; N, 8.73; S, 10.04.

EXAMPLE 25

9.
(Mercaptomethyl)-3,3,3-trifluoro-N-[2-(4-pyridinyl)e-
thyl}jpropanamide, hydrochloride

A solution of the product of Example 24 (2.0 g., 6.2
mmol.) in 30 mL of 1:1 methanol/water was chilled to
0° C. and treated with 5 mL of NH4OH (14.8M, 5 mL,
74 mmol) and stirred until the solution became clear,
approximately 10 minutes. The reaction was concen-
trated in vacuo and the residue was taken up in a mini-
mal volume of water (methanol was added to improve
solubility) and lyophilized overnight to yield 1.9 g. of a
yellow solid. The crude product was flash chromato-
graphed on 350 mL of silica gel eluting with methylene
chioride:methanol, 97:3 to afford 1.43 g. of white solid
2-(mercaptomethyl)-3,3,3-trifluoro-N-[2-[4-pyridinyl]e-
thyljpropanamide as a white solid; m.p. 114°-115° C,,
TLC Rp=0.21 (95:5 methylene chloride/methanol).

Analysis calc’d for Cy1H13F3N2OS: C, 47.47;: H, 4.71;
F, 20.48; N, 10.07; §, 11.52; SH, 11.88 Found: C, 47.62;
H, 4.69; F, 20.16; N, 9.88; S, 11.75; SH, 12.06.

A solutton of the above product (1.26 g., 4.53 mmol.
)in 15 mL of acetonitrile was treated with excess ethe-
real HC1 and stirred for 5 minutes, the volatiles were
removed in vacuo to yield a clear oil. Trituration of the
oil with hexanes yielded 0.978 g. of the titled compound
as a white solid, m.p. 155°-156" C., TLC R=0.17 (95:
5 methylene chloride/methanol).

Analysis calc’d for C11H14CIF3N-0S-0.07 H,0O: C,
41.81; H, 4.51; N, 8.87; F, 18.04; S, 10.15; SH, 10.46; Cl1,
11.22. Found: C, 42.02; H, 4.41; N, 8.77; F, 17.64: S,
10.12; SH, 10.64; Cl, 10.94.

EXAMPLE 26

2-[(Acetylthio)methyl]-3,3,3-trifluoro-N-{2-(1
H-tetrazol-3-yl)ethyl]lpropanamide

A. (N)-t-Butoxycarbonyl-3-aminopropionitrile

3-Aminopropionitrile formate (1.28 g, 10 mmol) was
dissolved in 40 mL of absolute ethanol by the addition
of diisopropylethylamine (3.48 mL, 20 mmol) at 0° C.
After stirring for 10 minutes, di-tert-butyldicarbonate
(2.18 g, 10 mmol) was added and the reaction mixture
was stirred at room temperature for 48 hours, concen-
trated 1n vacuo and the residue was dissolved in ethyl
acetate (200 ml.). The ethyl acetate solution was
washed with water, saturated sodium bicarbonate, dried
over sodium sulfate and concentrated in vacuo to vield
the title A compound as a solid (1.68 g), m.p. 44°—45° C.

B. 5-((N)-t-butoxycarbonyli-2-aminoethyl)tetrazole

Tri-n-butyltin azide (4.98 g., 15 mmol.) and the title A
compound (1.68 g., 9.8 mmol.) were heated at 115° C. in
100 mL of xylene for 48 hours. The reaction mixture
was concentrated in vacuo and the residue was dis-
solved 1 2:8 (20:6:11, pyridine:acetic acid:water):ethyl
acetate (100 mL). Silica gel (25 g) was added and the
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mixture was stirred at room temperature overnight. The 65

reaction mixture was filtered and the silica pad washed
thoroughly with the above 2:8 (20:6:11, pyridine: acetic
acid:water).ethyl acetate solvent system. The filtrate
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was concentrated 1n vacuo and the residue was concen-
trated from toluene (2 x). The product solidified upon
addition of 1sopropyl ether. The product was filtered to
yield 1.88 g of the title B compound, (m.p. 121°-126°
C.).

C. 5-(2-Aminoethyl)tetrazole hydrochloride

The title B compound (1.88 g, 8.8 mmol) was dis-
solved 1n 20 mL of ethyl acetate saturated with HCL
The reaction mixture was stirred for 3 hours and the
resulting precipitate was filtered to yield the title C
compound (1.04 g) as a solid, m.p. 120°-129° C. (dec.).

D. 2-[(Acetylthio)methyl]-3,3,3-trifluoro-N-[2-(1
H-tetrazol-3-ylethyllpropanamide

The title C compound (0.92 g, 6.15 mmol) was sus-
pended in 153 mL of dry acetonitrile under argon. Bis(-
trimethylsilyDtrifluoroacetamide (5.2 mL, 19.6 mmol)
was added and stirred until a clear solution was ob-
tained (2 hours). The reaction mixture was cooled to-5°
C., 2-trifluoromethyl-3-acetylthio propionyl chloride
(1.44 g, 6.14 mmol) was added dropwise, and the mix-
ture was stirred for 2 hours at 5° to 10° C. The reaction
mixture was concentrated in vacuo, dissolved in ethyl
acetate (200 mL) and the ethyl acetate solution was
washed with water (3 x), pH buffer 4.02, brine (2 x),
dried over sodium sulfate and concentrated in vacuo.
Addition of 1sopropyl ether caused solidification. The
solid was filtered and dried (1.38 g), m.p. 157°-160° C.

Analysis calc’d for CoH12F3Ns503S: C, 34.72; H, 3.89;
N, 22.50; F, 18.31; §, 10.30; Found: C, 34.41; H, 3.80; N,
21.39; F, 18.64; S, 10.34.

EXAMPLE 27

3,3,3-Trifluoro-2-(mercaptomethyl)-N-[2-(1
H-tetrazol-5-yl)ethyl]|propanamide

The title compound of Example 26 (1.0 g., 3.2 mmol.)
was dissolved at O° C. under argon in 2.5 mL of a 1:1
concentrated NH4OH:H->0 solution. The reaction mix-
ture was stirred at 0° C. for 5 minutes and then acidified
with SN HCI to pH 6 at 0° C. The product was ex-
tracted with ethyl acetate containing 5 percent metha-
nol (3 x) (200 mL portions). The organic layer was
washed with brine, dried over sodium sulfate and con-
centrated in vacuo. The residue was chromatographed
through 50 g of Merck silica gel using a (3:3:94) me-
thanol:acetic acid:methylene chloride solvent system.
The appropriate fractions were combined and concen-
trated to yield 0.56 g of the titie product, m.p. 182°-184°
C.

Analysis calc’d for CsH1oNsOSFs-0.13 H»O: C,
30.95; H, 3.81; N, 25.78; F, 20.98; S, 11.80; SH, 12.17;
Found: C, 31.15; H, 3.66: N, 25.53; F, 20.58; S, 11.83;
SH, 12.21.

EXAMPLE 28

3,3,3-Trifluoro-N-(3-hydroxyphenyl)-2-(mercaptome-
thyl)propanamide

a)
3,3,3-Trifluoro-2-[(acetylthio)methyl]-N-(3-hydroxy-
| phenyl)propanamide

To a solution of 3-aminophenol (4.02 g., 36.8 mmol.)
in 250 mL of methylene chloride was added 2-tri-
fluoromethyl-3-acetylthiopropionyl chloride (4.29 g.,
18.3 mmol.) and then stirred at —10° C. for 5.5 hours.
The reaction mixture was washed with 1 N HCI (3 x)
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and then brine, dred (MgSQy), filtered, and concen-
trated in vacuo to yield 4.58 g. of the title A compound
as an off white solid, m.p. 148°-149° C., TLC Rr=0.73
(4:1, ethyl acetate:methylene chloride).

b)
3,3,3-Trifluoro-N-(3-hydroxyphenyl)-2-(mercaptome-
thyl)propanamide

NH4OH ( 14.8M solution, 2.6 ml, 38.8 mmol.) was
added to a solution of the title A compound (1.05 g.,
3.42 mmol) in 16 mL of 1:1 water/methanol at 0° C. and
stirred for 10 minutes. The reaction was quenched at 0°
with 10% potassium bisulfate, and extracted with ethyl
acetate (4 x). The organic extracts were combined,
dried (MgSQO3), filtered, and concentrated in vacuo to
yield 1.17 g. of a yellow solid. This crude material was
flash chromatographed on 250 mL of EM-60 silica gel
eluting with 98:2 methylene chloride/methanol to yield
0.68 g. of the title compound as an off-white solid, m.p.
147°-151° C., TLC R=0.36 (95:5, methylene chlori-
de/methanol).

Analysis calc’d for CigHjoF3NO32S.0.07 HO: C,
45.30; H, 3.85; N, 5.21; F, 21.20; S, 11.93; SH, 11.90
Found: C, 45.26; H, 3.81; N, 5.09; F, 20.82; S, 11.72; SH,
12.31.

EXAMPLE 19

N-{2-[(Acetylthio)methyl]-3,3,3-trifluoro-1-oxopropyll-
L-norleucine, i1somer A

Bis(trimethylsilyDtrifluoroacetamide (16 mL., 60
mmol.) was added to a suspension of L-norleucine (2.62
g., 20 mmol.) in 40 mL of acetonitrile at 0° C. The
suspension was allowed to warm to room temperature
and was stirred for 2.5 hours, at which point, almost all
of the solid dissolved. The reaction mixture was re-
cooled to 0° C. and 2-trifluoromethyl-3-acetylthiopro-
pionyl chloride (4.7 g., 20 mmmol.) was added dropwise
over 20 minutes as a solution in 10 mL of acetonitrile.
After stirring at room temperature for 18 hours, the
reaction was poured into 200 mL of water and the re-
sulting mixture was extracted with ethyl acetate (500
mL). Brine was added to break up an emulsion which
formed during this extraction. The aqueous layer was
extracted once more with ethyl acetate (100 mL) and
the combined organic layers were washed with brine,
dried (MgSOys4), and concentrated to afford an oily resi-
due which was pre-absorbed on Celite. The crude prod-
uct and Celite mixture was loaded onto an 830 cm
silica gel column which was eluted as follows: 5 L hex-
ane:ethyl acetate:acetic acid (750:250:25), 2 L hex-
ane:ethyl acetate:acetic acid (700:300:25), 2 L hex-
ane:ethyl acetate:acetic acid (500:500:25). The pure less
polar fractions were concentrated and co-evaporated
from heptane to afford a white solid which was recrys-
tallized twice from ethyl acetate/hexane. Drying under
high vacuum at room temperature for 18 hours afforded
1.95 g. of the title isomer A compound as a white pow-
der, m.p. 176°-178° C., TLC Rs=0.30 (ethyl acetate:-
hexane:acetic acid, 30:70:1). [a]lp=—133.3" (c=0.6
methanol).

Analysis calc’d. for Ci2HigF3NO4S: C, 43.76; H,
5.51; N, 4.25; F, 17.31; S, 9.73 Found: C, 43.76; H, 5.45;
N, 4.35; F, 17.57; S, 9.67.
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EXAMPLE 30

N-[2-[(Acetylthio)methyl]-3,3,3-trifluoro-1-oxopropyl}-
' L-norleucine, 1somer B

In the procedure of Example 29, the pure more polar
fractions were concentrated to afford a white sohd
which was recrystallized twice from ethyl acetate/hex-
ane. Drying under high vacuum afforded 1.953 g. of the
title isomer B compound, m.p. 123°-125° C, TLC
Rr=0.19 (ethyl acetate: hexane:acetic acid, 30:70:1).
[alp=+123° (c=0.63, methanol).

Analysis calc’d. for CiaHigF3NO4S: C, 43.76; H,
5.51; N, 4.25; F, 17.31; S, 9.73 Found: C, 43.97; H, 5.45;
N, 4.29; F, 17.13; S, 9.89.

EXAMPLE 31

N-{3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxopropyl]-
L-norleucine, isomer A

Concentrated ammonium hydroxide (3 mL) was
added to a suspension of the product of Example 29
(1.95 g.) 1in 12 mL of deoxygenated water. The reaction
mixture, which became homogeneous in less than one
minute, was stirred for 15 minutes. At this time, the pH
was adjusted to about 1.5 with potassium bisulfate and
the resulting aqueous mixture was extracted with ethyl
acetate (2X 150 ml). The combined organic layers
were washed with brine, dried (MgSQO4), and concen-
trated to afford an oily residue. This residue was flash
chromatographed on a 5 X 12 cm silica gel column using
hexane:ethyl acetate: acetic acid, 65:35:1. The pure
fractions were concenirated and the residue was co-
evaporated from heptane several times to afford a white
solid. Trituration with hexane and drying 18 hours
under high vacuum afforded 1.175 g. of the title isomer
A compound as a white solid, m.p. 96°-98° C., TLC
Rr=0.38 (ethyl acetate: hexane:acetic acid, 40:60:2).
laip=—43.2 (c=0.60, methanol).

Analysis calc’d. for CigHi6F3NO3S: C, 41.37; H,
5.67; N, 4.83; F, 19.84; S, 11.16; SH, 11.51 Found: C,
41.68; H, 5.42; N, 4.52; F, 19.53; S, 10.89; SH, 11.78.

EXAMPLE 32

N-{3,3,3-Trifluoro-2-(mercaptomethyi)-1-oxopropyl|-
L-norleucine, 1somer B

Concentrated ammonium hydroxide (3 ml) was
added to a suspension of the product of Example 30
(1.95 g.) in 12 mL of deoxygenated water at room tem-
perature. The reaction mixture became homogeneous
within one minute. After stirring for a total of 15 min-
utes, the reaction mixture was acidified to pH 1.5 with
concentrated potassium bisulfate solution. This acidic
mixture was extracted with ethyl acetate (2X150 mL).
The combined organic layers were washed with brine
(100 mL), dried (MgSQy4), and concentrated to afford a
light yellow residue. This residue was chromato-
graphed on a 5X 12 cm silica gel column using ethyl
acetate:hexane: acetic acid, 40:60:1 for elution. The pure
fractions were concentrated and co-evaporated from
heptane to afford a colorless solid which was triturated
with hexane. Filtration and drying afforded 1.16 g. of a
white solid. This material was recrystallized twice from
ethyl acetate/hexane to afford 632 mg. of the title 1so-
mer B compound as colorless needles, m.p. 131°-133°
C., TLC R~=0.26 (ethyl acetate: hexane:acetic acid,
40:60:2). [alp=+21.3° (c=0.71, methanol).
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Analysis calc’d. for CigHigF3NO3S-0.1 H»O: C,
41.53; H, 5.65; N, 4.84; F, 16.71; S, 11.09; SH, 11.44
Found: C, 41.55; H, 5.61; N, 4.85; F, 19.14; S, 10.99; SH,
13.66.

EXAMPLE 33

(S)-N-[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxo-
propyl]-L-isoleucine

2)
N-[2-[(Acetylthio)methyl]-3,3,3-trifluoro-1-oxopropyl]-
L-isoleucine

Bis(trimethylsilyl)trifluoroacetamide (16 mL, 60
mmol.) was added to a suspension of L-isoleucine (2.62
g., 20 mmol.) in 40 mL of acetonitrile at 0° C. The
suspension was allowed to warm to room temperature
and stirred for 2 hours. At this time approximately one
third of the solid had dissolved. An additional amount
of bis(trimethylsilyDtrifluoroacetamide (4 mL, 15
mmol.) was added and the mixture was stirred for 45
minutes. The mixture was cooled to 0° C. and 2-tri-
fluoromethyl-3-acetylthiopropionyl chloride (4.7 g., 20
mmol.) was added dropwise over 15 minutes as a solu-
tion in 10 mL of acetonitrile. After stirring for 18 hours
at room temperature, the reacfion mixture was a clear
light yellow solution. Approximately 150 mL of water
was added and the resulting mixture was extracted with
ethyl acetate (2150 mL.). The combined organic lay-
ers were washed with brine (100 mL), dried MgSO4),
and concentrated to afford an oily residue which was
preadsorbed onto Celite for chromatography. After
several chromatographies, triturations and recrystalli-
zations 1.41 g. of (R)-N-[2-[(acetylthio)methyl]-3,3,3-
trifluoro-1-oxopropylj-L-isoleucine; m.p. 81°-85° C.,
la]p= —105.5° (c=0.38, methanol) were isolated and
1.56 g. of (S)-N-[2-[(acetylthio)methyl]-3,3,3-trifluoro-
1-oxopropyl}-L-isoleucine, m.p. 111°-112° C,,
[a]lp=+122.6° (c=0.38, methanol) were isolated.

b)
(S)-N-[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxo-
propyl}-L-isoleucine

Concentrated ammonium hydroxide (3 mL) was
added to a suspension of the (S) diastereomer product of
part (a) (1.5 g., 4.55 mmol.) in 12 mL of deoxygenated
water. Dissolution occurred in a few seconds and the
reaction mixture was allowed to stir under argon for 5
minutes. The mixture was then acidified to pH 1.5 with
potassium bisulfate solution and extracted with ethyl
acetate (2150 mLl). The combined organic lavers
were washed with brine, dried MgSQy), and concen-
trated. The residue was chromatographed on a 515
cm stlica gel column eluting with hexane:ethyl
acetate:acetic acid, 75:25:1. The pure fractions were
concentrated and coevaporated from heptane to afford
1.285 g. of a white solid. This solid was recrystallized
three times to afford 0.834 g. of the title (S) diastereo-
mer product, m.p. 130°~131° C., TLC R/=0.43 (ethyl
acetate:hexane:acetic acid, 40:60:1) [a]p=+35.8°
(c=0.45, methanol).

Analysis calc’d. for CigH16F3NO3S-0.10 H,O: C,
41.55; H, 5.65; N, 4.85; F, 19.72; S, 11.09; SH, 11.44
Found: C, 41.74; H, 5.62; N, 4.76; F, 19.33; S, 10.95; SH,
13.47.
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EXAMPLE 34

(R)-N-[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxo-
propyl]-L-isoleucine

Concentrated ammonium hydroxide (2.6 mL) was
added to a suspension of the (R) diastereomer product
of Example 33(a) (1.3 g., 3.95 mmol.) in 10 mL of water.
Dissolution occurred within one minute and the reac-
tion mixture was allowed to stir under argon for 5 min-
utes at room temperature. The mixture was then acidi-
fled to pH 1.5 with potassium bisulfate solution and
extracted with ethyl acetate (2100 mL). The com-
bmmed organic layers were washed with brine, dried
(MgS0Oy4), and concentrated. The residue was chro-
matographed on a 5X25 cm silica gel column eluting
with hexane:ethyl acetate:acetic acid, 75:25:1. The pure
tfractions were concentrated and coevaporated from
heptane to afford 1.01 g. of a white solid. This solid
required very extensive and thorough trituration with
heptane, hexane, and pentane to remove trace amounts
of ethyl acetate. After final filtration, this material was

dried under high vacuum at 100° C. to afford 0.79 g. of

the title (R) diastereomer product as a white solid, m.p.
140°-142° C., TLC Rr=0.39 (ethyl acetate:hexane:a-

cetic acid, 40:60:2). [a]p=—37.3° (¢=0.55, methanol)
Analysis calc’d. for CigH16F3NO3S: C, 41.80; H,

5.61; N, 4.88; F, 19.84; S, 11.16; SH, 11.51 Found: C,

42.18; H, 5.67; N, 5.02; F, 19.36; S, 11.48; SH, 12.29.

EXAMPLE 35

(S,R)-3-[[2-[(Acetylthio)methyl]-3,3,3-trifluoro-1-
oxoprgpyllaminol-5-methylhexanoic acid

A solution of 3-[[(2,2-dimethylethyl)oxy]carbonyl-
Jamino-5-methylhexanoic acid, methyl ester [prepared
by the Arndt-Eistert scheme, Ondetti et al., J. Med.
Chem., Vol. 18, p. 761 (1975)] (5.26 g., 20.3 mmol.) in
100 mL of methanol was treated with a 1N sodium
hydroxide solution (40 mL, 40 mmol.) and then stirred
at room temperature for 3 hours. The reaction was then
concentrated 1 vacuo and the residue taken up in wa-
ter. The aqueous solution was washed once with ethyl
acetate, and then acidified with 6 N HC], followed by
extraction with ethyl acetate (4 x). The organic extracts
were combined, dried (MgSQy), filtered, and concen-
trated 1n vacuo to give 5.68 g. of 3-[[(2,2-dimethylethyl-
Joxylcarbonyl]amino-5-methythexanoic acid as a clear
oil.

A solution of this acid (0.63 g., 2.57 mmol.) in ethyl
acetate (5 mL) was treated with HCIl (3.2M solution in
ethyl acetate, 25 mL., 80 mmol.) and stirred at room
temperature for 3 hours. The reaction was sparged with
N> and then concentrated in vacuo to yield a white
solid, which was triturated with ethyl ether to yield 0.37
g. of 3-amino-5-methylhexanoic acid, hydrochloride,
m.p. 125°-126° C.

A solution of this acid, hydrochloride (2.7 g., 14.9
mmol.) in dry acetonitrile maintained at 0° C. was
treated with diisopropylamine (2.6 mL, 14.9 mmol.) and
bis(trimethylsilyl)trifiuoroacetamide (8 mL, 30.1
mmol.) and stirred at 0° C. for 30 minutes. Next a solu-
tion of 2-trifluoromethyl-3-acetylthiopropionyl chlo-
ride (3.46 g., 14.7 mmol.) in 15 mL of dry acetonitrile
was added dropwise over a 15 minute period and then
allowed to warm to room temperature overnight. The
reaction mixture was concentrated in vacuo and the
residue was taken up in ethyl acetate and washed with
IN HC1 (3x) followed by brine. The organic layer was
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dried (MgSQOy), filtered, and flash chromatographed on
1800 mL of silica gel eluting with hexane:ethyl
acetate:acetic acid, 2:1:0.01 to isolate 2.33 g. of the S,R
isomer as the faster moving isomer. The crude material
was then triturated several times with hexane:ethyl
acetate and finally treated with decolorizing carbon to
yield 1.7 g. of the titled (S,R) isomer product, m.p.
102°-103° C., TLC Rr=0.34 (hexane:ethyl acetate:a-
cetic acid, 100:100:1). {a]p=—124° (c=0.78, metha-
nol).

Analysis calc’d. for C13H20EF3NO4-0.3 HoO: C, 44.78;
H, 5.95; N, 4.02; F, 16.35; S, 9.20 Found: C, 45.02; H,
5.82; N, 3.78; F, 16.62; S, 9.51.

EXAMPLE 36

(S,5)-3-[[2-[(Acetylthio)methyl]-3,3,3-trifluoro-1-o0xo-
propyllamino}-5-methylhexanoic acid

Fractions containing the silower moving isomer from
the flash chromatography in- Example 35 were pooled
and concentrated in vacuo yielding an orange oil which
was triturated several times with hexane: ethyl acetate
and finally treated with decolorizing carbon to yield 1.2
g. of the title (§,S) isomer product as a white solid, m.p.
124°-125° C., TLC Rf=0.28 (hexane:ethyl acetate:a-
cetic acid, 100:100:1). [a]p=+98.4° (c=0.89, metha-
nol).

Analysis calc’d. for Ci3HaoF3NO4S-0.08 HO: C,
45.28; H, 5.89; N, 4.06; I, 16.53; S, 9.30 Found: C, 45.35;
H, 5.98; N, 3.99; F, 16.35; S, 9.18.

EXAMPLE 37

(S,R)-3-[[3,3,3-Trifluoro-2-(mercaptomethyi)-1-oxo-
propyljamino]-5-methylhexanoic acid

A suspension of the (§,R) isomer product of Example
35 (1.0 g., 2.9 mmol.) in water maintained at 0° C. under
argon was treated with ammonium hydroxide (SM solu-
tion, 10 mL, 50 mmol.) and stirred for 5 minutes. The
reaction was quenched at 0° C. with 140 mL of 10%
potassium bisulfate and then extracted with ethyl ace-
tate (4 x). The organic extracts were combined, dried
(MgS0y4), filtered, and concentrated in vacuo to yield
1.0 g. of yellow solid. The crude reaction product was
tflash chromatographed on 200 mL of silica gel eluting
with hexane:ethyl acetate (2:1) to isolate 0.61 g. of the
title (S,R) isomer product as a white solid, m.p.
155°~156° C., TLC Rr=0.19 (hexane:ethyl acetate:a-
cetic acid, 100:100:1). [alp=—55.5° (¢=0.89, metha-
nol).

Analysis calc’d. for CiiHigFiNO3S: C, 43.84: H,
6.02; N, 4.65, F, 18.92; S, 10.64; SH, 10.97 Found: C,
43.81; H, 6.08; N, 4.79; F, 18.52: §, 10.62; SH, 11.37.

EXAMPLE 38

(S,5)-3-[[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxo-
propyllamino}-5-methylhexanoic acid

A suspension of the (S,S) isomer product of Example
36 (0.91 g., 2.7 mmol.) in water maintained at 0° C.
under argon was treated with ammonium hydroxide
(5M solution, 10 mL, 50 mmol.) and stirred for 5 min-
utes. The reaction was quenched at 0° C. with 140 mL
of 10% potassium bisulfate and then extracted with
ethyl acetate (4 x). The organic extracts were com-
bined, dried (MgSQ,), filtered, and concentrated in
vacuo to yield 1.0 g. of a yellow solid. The crude reac-
tion product was triturated with hexane:ethyl acetate to
yield 0.78 g. of the title (§,S) isomer product as an off
white solid; m.p. 155°-156" C., TLC Rs=0.18 (ethyl
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acetate:hexane:acetic acid, 100:100:1). [a]p=-+26.1°
(c=0.81, methanol).

Analysis calc’d. for C11HisF3NO3S: C, 43.84: H,
6.02; N, 4.65; F, 18.92; S, 10.64; SH, 10.97 Found: C,
44.26; H, 6.26; N, 4.62; F, 18.34; S, 10.22; SH 10.71.

EXAMPLE 39

(S,R)-3,3,3-Trifluoro-2-(mercaptomethyl)-N-{3-methyl-
1-(1 H-tetrazol-5-yl)butyl]propanamide

a) N-[(Phenylmethoxy)carbonylj-L-leucinamide

To a solution of N-[(phenylmethoxy)carbonyl}-L-leu-
cine (3 g., 11.3 mmol.) in 60 mL of methylene chloride
at —20° under argon was added N-methylmorpholine
(1.24 mL, 11.3 mmol.) followed by isobutylchlorofor-
mate (1.47 mL, 11.3 mmol.). The resulting suspension
was stirred at —20° C. for 15 minutes at which time a
solution of ammonia/methanol (about 5.6M, 20 mL, 113
mmol.) was added. After 30 minutes at —20° C., the
reaction was quenched with water and warmed to room
temperature. The layers were separated and the aque-
ous layer was extracted with methylene chloride (2 x).
The combined organic extracts were dried (MgSQOy4)
and evaporated to give 2.82 g. of the title A compound.

b) N-[(Phenylmethoxy)carbonyl}-L-leucinenitrile

To a solution of the title A compound (9.25 g., 34.9
mmol) in 100 mL of anhydrous tetrahydrofuran at room
temperature under argon was added methoxycarbonyl-
sulfamoyltriethylammonium hydroxide inner salt (11.83
g., 9.65 mmol.) in five equal portions over 2 hours. The
reaction mixture was poured onto a flash chromatogra-
phy column eluting with hexanes:ethyl acetate (60:40)

- to give 4.6 g. of the title B compound as an oil. TLC
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Rr=0.57 (ethyl acetate: hexane, 1:1). [a]p=—49.7°
(c=0.82, methanol).

c) (S)-[3-Methyl-1-(1H-tetrazol-5-yl)butyljcarbamic
acid, phenylmethyl ester

A solution of the title B compound (2.98 g., 12.10
mmol.) and tributyltin azide (6.1 g., 18.14 mmol.) in 100
mL of xylenes was stirred at 110° C. for 2 hours. The
mixture was cooled to room temperature and poured
directly onto a flash chromatography column eluting
with 1 L of hexanes:ethyl acetate (60:40), 2 L of (60:40)
hexanes:ethyl acetate plus 2% acetic acid to give 2.23 g.
of the title C compound as a viscous oil.

d) (S)-a-(2-Methylpropyl)-1
H-tetrazole-5-methanamine, hydrochloride

A suspension of the title C compound (2.84 g., 9.81
mmol.) in 100 mL of methanol containing acetyl chlo-
ride (1.14 mL, 19.62 mmol.) and 20% palladium on
carbon catalyst (0.28 g.) was stirred under an atmo-
sphere of hydrogen (balloon) at room temperature.
After 4 hours, an additional amount of 20% palladium
on carbon catalyst (0.28 g.) and acetyl chloride (1.14
ml.) was added. After 22 hours, the reaction mixture
was filtered and evaporated. Trituration with hexanes
gave 1.88 g. of the title D compound as a white foam.

e)
(§,R)-2-[(Acetylthio)methyl]-3,3,3-trifluoro-N-[3-meth-
yl-1-(1 H-tetrazol-5-yl)butyl]-propanamide

To a solution of the title D compound (1.73 g., 9.9
mmol.) in 22 mL of acetonitrile at 0° C. under argon was
added bis(trimethylsilyl) trifluoroacetamide (7.67 mL,
31.36 mmol.) and the resulting cloudy solution was
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stirred at room temperature for 2 hours. The reaction
mixture was cooled back to 0° C. at which time 2-tri-
fluoromethyl-3-acetylthiopropionyl chloride (2.1 g., 9.8
mmol.) 1n acetonitrile (6 mL) was added. After stirring
the light-yellow solution for 2 hours at 0° C., the reac- 3
tion was quenched by pouring into 200 mL of water and
then extracted with ethyl acetate (2 X250 mL). The
combined organic extracts were flash chromatographed
(90 mm X 10 inch—60:40 hexanes:ethyl acetate +2%
acetic acid, 90 mm X 7 inch—1:1 hexanes:ethyl acetate
+0.5% acetic acid, 90 mm X 12 inch—1:1 hexanes:ethyl
acetate 4+0.5% acetic acid, 50 mm X 10 inch—1:1 hex-
anes:ethyl acetate -+0.5% acetic acid) to give , after
recrystallization from ethyl acetate/hexanes, 1.10 g. of
the (§,R) isomer title E compound, m.p. 188°-191° C., 15
TLC Ry=0.22 (1:1 hexanes/ethyl acetate +0.5% acetic
acid), [a]lp=—163.8° (¢=0.53, methanol) and 1.15 g. of
(S,S)-2-[(acetylthio)methyl]-3,3,3-trifluoro-N-[3-meth-
yl-1-(1 H-tetrazol-5-ybutyllpropanamide, m.p.
180°~184° C., TLC Rs=0.16 (1:1 hexanes/ethyl acetate 20
+0.5% acetic acid), [a]p=+60.6° (c=0.51, methanol).

) .
(S,R)-3,3,3-Trifluoro-2-(mercaptomethyl)-N-[3-methyl-
1-(1 H-tetrazol-5-yDbutyl]propanamide

10

25

To a suspension of the (S,R) isomer compound of title
E (0.98 g., 2.8 mmol.) in 5.65 mL of degassed water at
room temperature under argon was added a mixture
concentrated NH4OH (1.85 mL) and water (1.85 mL).
After two minutes, the reaction is quenched with satu-
rated potassium bisulfate (pH 1.5) and extracted with
ethyl acetate. The organic extracts were dried and puri-
fied by flash chromatography (50 mm X 6 inch, 1:1 hex-
anes:ethyl acetate +0.5% acetic acid) to give 0.72 g. of
white solid product. This matenial was triturated with 3
heptane and dried under high vacuum at 100° C. to give
0.7 g. of the title (§,R) product, m.p. 189°-193° (dec.),
TLC R==0.18 (1:1, ethyl acetate:hexane 4-0.5% acetic
acid). [alp=—97.7° (¢c=0.57, methanol).

Analysis calc’d. for CioH16F3N50S-0.1
CH3;COOC,Hs: C, 39.02; H, 5.29; N, 21.88; F, 17.80; S,
10.01; SH, 10.33. Found: C, 39.25; H, 5.35; N, 21.54; F,
17.60; S, 10.17; SH 10.62.

EXAMPLE 40

(S,5)-3,3,3-Trifluoro-2-(mercaptomethyl)-N-[3-methyl-
1-(1 H-tetrazol-5-yDbutyljpropanamide

To a suspension of (8,S)-2-[(acetylthio)methyl]-3,3,3-
trifluoro-N-[3-methyl-1-(1 H-tetrazol-5-yhbutyl]-
propanamide [prepared in Example 39(e), 1.034 g., 2.95
mmol.] in 6 mL of degassed water at room temperature
under argon was added a mixture of concentrated
NH4OH (1.95 mL) and water (1.95 mL). After two
minutes, the reaction was quenched with saturated po-
tassium bisulfate (pH 1.5) and extracted with ethyl ace-
tate. The organic extracts were dried and purified by
flash chromatography (50 mm X6 inch, 1:1 hexanes:
ethyl acetate +0.5% acetic acid) to give 0.76 g. of
white solid product. This material was combined with 60
25 mg. from a previous experiment and recrystallized
from ethyl acetate/hexanes to give 0.69 g. of the title
(S,S) isomer product as a white solid, m.p. 183°~184° C.,
TLC Rg=0.14 (1:1, hexanes:ethyl acetate +0.5% acetic
acid). [a]p= —39.8° (¢=0.57, methanol).

Analysis calc’d. for CigH16PF3NsOS: C, 38.58; H,
5.18; N, 22.50; F, 18.31; S, 10.30; SH, 10.62 Found: C,
38.70; H, 5.27; N, 22.43; F, 17.67; S, 10.28; SH, 11.52.
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EXAMPLE 41

(S,R)-B-[[2-[(Acetylthio)ymethyl]-3,3,3-trifluoro-1-0xo-
propyllamino]benzenebutanoic acid

a)
(S)-3-[[[(1,1-Dimethylethyl)oxylcarbonyllamino]-2-
0x0-1-d1azo-4-phenylbutane

A solution of N-[[(1,1-dimethylethyl)oxy]carbonyl]-
L-phenylalanine (20.01 g., 75 mmol) in 150 mL of dry
tetrahydrofuran was chilled to —25° C. and treated
with N-methylmorpholine (8.3 mL, 75 mmol) and
1sobutylchloroformate (9.8 mL., 75 mmol) and then
stirred at —25° C. for 10 minutes. The reaction mixture
was then filtered into a flask containing a solution of
diazomethane (prepared from 3548 g., 240 mmol of
N-methyl-N'-nitro-N-nitrosoguanidine) in 300 mL of
anhydrous ether at —78° C. and then let warm to —5°
C. and stirred overnight. The cold reaction mixture was
then filtered and the filtrate was washed with water,
saturated sodmum bicarbonate, and brine. The organic
layer was dried (MgSQ4), filtered and concentrated in
vacuo to yield a reddish brown oil. The oil was tritu-
rated with cold petroleum ether to yield 14.42 g¢. of a
light tan solid. The mother liquors were concentrated
and allowed to stand yielding a second crop of 1.96 g. of
light yellow crystals for a total yield of 16.38 g. of the
title A compound as a tannish solid; m.p. 87°-90° C.
lalp=—32.2° (c=1.15, methanol).

b)
(S)-3-[I[(2,2-Dimethylethyloxy]carbonyl]amino}-4-
phenylbutanoic acid, methyl ester

To a solution of the title A compound (13.35 g., 45.9
mmol) 1n methanol (300 mL) was added dropwise a
solution of silver benzoate (1.57 g., 6.85 mmol) in trieth-
ylamine (200 mL) and the mixture was stirred for 3
hours. Next, 5 g. of activated charcoal was added and
stirred for 15 minutes at room temperature, then the
mixture was filtered and the filtrate was concentrated in
vacuo to yield a reddish brown o1l. The o1l was taken up
in ether and washed with water, 10% potassium bisul-
fate, saturated sodium bicarbonate, and brine. The or-
ganic layer was dried (MgSOy), filtered, and concesn-
trated 1n vacuo to yield 11.71 g. of the title B compound
as a beige solid, m.p. 50°-52° C,, [alp=~2.0° (c=1.15,
methanol).

Anmnalysis calc’d. for C16H23NO4: C, 65.50; H, 7.90; N,
4.78 Found: C, 65.48; H, 8.04; N, 4.86.

c)
(3)-3-[[[(2,2-Dimethylethyl)oxy]jcarbonyl]amino]-4-
phenylbutanoic acid

A solution of the title B compound (11.0 g., 37.5
mmol) in methanol (200 mL) was treated with 1N solu-
tion of sodium hydroxide (75 mL, 75 mmol) and stirred
at room temperature for 3.5 hours. The reaction was
concentrated in vacuo and the residue was taken up in
water, and washed twice with ethyl acetate. The aque-
ous layer was then acidified with 6N HCIl and extracted
with ethyl acetate (4 x). The organic extracts were
pooled, dried (MgSQy), filtered, and concentrated in
vacuo to yield 9.97 g. of the title C compound as a white
sohd, m.p. 95°-97° C,, [a]lp=—13.5° (¢=0.77, metha-
nol).

Analysis calc’d. for Ci5H21NO4-0.48 H,0O: C, 62.56;
H, 7.79; N, 4.86 Found: C, 62.65; H, 7.45; N, 4.77.




5,414,013

31

d) (S)-3-Amino-4-phenylbutanoic acid, hydrochloride

A solution of the title C compound (9.45 g., 33.8
mmol) in ethyl acetate (100 mL) was treated with 310
ml. of HCl/ethyl acetate (3.2M, 992 mmol) and then
stirred at room temperature for 3 hours. The reaction
mixture was sparged with N; and then filtered. The
filtered solids were washed with ether and then dried to
yield 5.96 g. of the title D compound as a white solid,
m.p. 204°-205°, [a]lp=+6.7° (c=1 43, methanol).

Analysis calc’d. for C10H14CINO».0.1 H>O: C, 55.24:
H, 6.58; N, 6.37; C1, 16.31 Found: C, 55.54; H, 6.45; N,
6.37; Cl, 16.01.

e)
(S,R)-B-[[2-[(Acetylthio)methyl]-3,3,3-trifluoro-1-oxo-
propyllaminolbenzenebutanoic acid

A solution of the title D compound (5.0 g., 23.2
mmo}) in acetonitrile (200 mL) was chilled to 0° C. and

treated with ethyldiisopropylamine (4.05 mlL, 23.3

mmol) and bis(trimethylsilyltrifluoroacetamide (12.3°

ml., 46.3 mmol) and then stirred at 0° C. for 30 minutes.
Next a solution of 2-trifluoromethyl-3-acetylthiopropio-
nyl chloride (5.45 g., 23.2 mmol) in acetonitrile (20 mL)
was added dropwise and the reaction allowed to warm
to room temperature overnight. The reaction was con-
centrated 1In vacuo and the residue taken up in ethyl
acetate, and washed with IN HCI (2 x), water, and
brine. The organic layer was dried (MgSQ3), filtered,
and concentrated in vacuo to yield 14.8 g. of a deep
yellow oil. The crude product was triturated three
times with hexane/ethyl acetate and treated with decol-
orizing carbon in ethyl acetate to yield 8.96 g. of a light
yellow solid. The crude solid was flash chromato-
graphed on 2 L of silica gel using 125:75:1 hexane/ethyl
acetate/acetic acid to elute the (S,R) isomer and then
switching to 150:75:1 ethyl acetate/hexane/acetic acid
to elute the (S,S) isomer. There was obtained 1.2 g. of
the (S,R) 1somer, 2.1 g. of mixed fractions, and 1.68 g. of
the (S,S) isomer. The (§,S) and (S,R) isomers were each
triturated with hexane/ethyl acetate to yield 1.04 g. of
the (S,R) isomer and 1.65 g. of the (8,S) isomer. The
mother liquors from the trituration of the (§,S) isomer
and the mixed fractions were combined and flash chro-
matographed as described above to 1solate 0.41 g. of the
(S,R) isomer and 0.9 g. of the (S,S) isomer with 1.25 g.
of mixed fractions. The mixed fractions and mother
liquors from the (S,R) triturations were again flash
chromatographed as described above to isolate 1.34 g.
of the (S,R) isomer, 0.31 g. of the (§,S) isomer and 0.6 g.
of mixed fractions. The various (S,R) fractions were
combined to yield 2.22 g. and the various (S,S) fractions
were combined to yield 2.47 g. The (S,R) isomer was
then triturated with hexane/ethyl acetate, treated with
decolorizing carbon 1n ethyl acetate, and finally recrys-
tallized from ethyl acetate/hexane to yield 1.31 g. of the
title (S,R) isomer product as a white solid, m.p.
171°-172° C., TLC R=0.28 (hexane:ethyl acetate:a-
cetic acid, 100:100:1). [a]p=—111.5° (c=0.75 metha-
nol).

Analysis calc’d. for CigHigF3NQO4S: C, 50.92; H,
4.81; N, 3.71; F, 15.10; S, 8.50 Found: C, 50.63; H, 4.74:
N, 3.87; F, 14.91; S, 8.16.
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EXAMPLE 42

(S,S)-B-{[2-{(Acetylthio)methyl]-3,3,3-trifluoro-1-oxo-
propyljaminojbenzenebutanoic acid

The (S,S) 1somer from Example 41 (e) (2.47 g.) was
triturated with hexane/ethyl acetate, treated with de-
colorizing carbon in ethyl acetate, and finally recrystal-
lized from ethyl acetate/hexane to yield 1.39 g. of the
title (S,S) isomer product as a white solid, m.p.
160°-162° C., TLC Rpg=0.17 (hexane:ethyl acetate:
acetic acid, 100:100:1). [a]p=+103.2 (c=0.69, metha-
nol).

Analysis calc’d. for CieH1sNF304S.0.25 H>0O: C,
50.31; H, 4.88; N, 3.67; F, 14.92; S, 8.39 Found: C, 50.57;
H, 4.67; N, 3.90; F, 14.53; S, 8.05.

EXAMPLE 43

(S,R)-5-[]3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxo-
propyllaminojbenzenebutanoic acid

The product of Example 41 (0.81 g., 2.1 mmol) was
dissolved in SM NH40H (10 mL, 50 mmol) at 0° C.
under argon and stirred for 5 minutes. The reaction was
quenched at 0° C. with 150 mL of 10% potassium bisul-
fate and then extracted with ethyl acetate (4 x). The
organic extracts were combined, dried (MgSOQOy), fil-
tered, and concentrated in vacuo to yield 0.94 g. of a
yellow solid. The crude product was flash chromato-
graphed on 300 mL of silica gel eluting with 1:1 hex-
ane:ethyl acetate +0.5% acetic acid to give 0.46 g. of a
white solid which was a mixture of the desired (S,R)
product and corresponding (S,S) material. The mixture
was then separated by a reverse phase preparative
HPIL.C on 2 YMC-ODS S-10 column using 50% (90%
methanol, 10% water with 0.1% trifluoroacetic acid)
and 50% (90% water, 109% methanol with 0.1% trifluo-
roacetic acid) at a flow rate of 63 mL/min. to isolate
0.36 g. of the title (S,R) isomer as a tan solid, m.p.
208°-210° C., TLC Rs=0.19 (hexane: ethyl acetate:a-
cetic acid, 100:100:1). [a]p=—38.9° (c=0.70, metha-
nol).

Amnalysis calc’d. for Ci4Hi16EF3NO3S-0.25 H20: C,
4947, H, 490; N, 4.12; F, 16.77; S, 9.43; SH, 9.73
Found: C, 49.21; H, 4.48; N, 4.04; F, 16.40; S, 9.52, SH,

’9.49,

EXAMPLE 44

(§8,5)-8-[[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxo-
propyllamino]benzenebutanoic acid

The (§,S) isomer product of Example 42 (1.26 g., 3.3
mmol) was dissolved in SM NH4OH (20 mL, 100 mmol)
and stirred at 0° C. for 5 minutes, and then quenched
with 10% potassium bisulfate. The reaction was then
extracted with ethyl acetate (4 x) and the organic ex-
tracts were combined, dried (MgSQOy4), filtered, and
concentrated in vacuo to yield 1.16 g. of a yellow resi-
due. The crude product was flash chromatographed on
200 mL of silica gel using 100:100:1 hexane:ethyl ace-
tate: acetic acid as the eluant to isolate 800 mg. of a
white solid. This product was then triturated with hex-
ape/ethyl acetate to yield 720 mg. of the title (8§,S)
isomer product as a white solid, m.p. 177°-178° C., TLC
Rr=0.10 (hexane:ethyl acetate:acetic acid, 100:100:1).
[alp=4-41.6° (c=0.55, methanol).

Analysis calc’d. for Ci4HjieF3NO3S-0.06 H2O: C,
49.98; H, 4.83; N, 4.16; F, 16.94; S, 9.53; SH 9.83 Found:
C, 50.11; H, 4.85; N, 4.03; F, 16.56; S, 9.47; SH, 9.74.
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EXAMPLE 45

(S)-3-Hydroxy-N-{3,3,3-Trifluoro-2-(mercaptomethyl)-
1-oxopropyl]-L-tyrosine

a)
(S)-3-Hydroxy-N-[2-[(acetylthio)methyl]-3,3, 3-tri-
fluoro-1-oxopropylj-L-tyrosine

Bis(trimethylsyDtrifluoroacetamide (16 mL, 60
mmol.) was added to a suspension of 3-hydroxy-L-tyro-
sine (2.37 g., 12 mmol.) in 25 mL of acetonitrile at 0° C.
The suspension was stirred for 6 hours at room tempera-
ture at which point it was recooled to 0° C. 2-Tri-
fluoromethyl-3-acetylthiopropionyl chloride (2.81 g.,
12 mmol.) was added as a solution in 5 mL of acetoni-
trile and the reaction mixture was stirred at room tem-
perature for 20 hours. After pouring the reaction mix-
ture into about 150 mL of 1N HC], the biphasic mixture
was stirred at room temperature for 30 minutes. At this
point, the mixture was extracted with ethyl acetate

(2X200 ml) and the combined organic layer was
washed with water (200 mL) then brine (100 mL), dried

(MgS0O4) and then concentrated to an oily residue.
After several chromatographies, 1.71 g. of (R)-3-
hydroxy-N-[2-[(acetylthio)methyl]-3,3,3-trifluoro-1-
oxopropyl]-L-tyrosine, [a]lp=—6.5° (c=0.15, metha-
nol), were 1solated as a white foam and 1.63 g. of (S)-3-
hydroxy-N-[2-[(acetylthio)methyl]-3,3,3-trifluoro-1-
oxopropyl]-L-tyrosine, m.p. 175°-184° C.,
la]p=+106.3° (c=0.49, methanol), were isolated as an
off-white amorphous soild.

b)
(S)-3-Hydroxy-N-[3,3,3-trifluoro-2-(mercaptomethyl)-
1-oxopropyl]-L-tyrosine

Concentrated ammonium hydroxide (2.5 mL) was
added to a suspension of the (§) 1somer product of title
A (14 g., 3.54 mmol.) in deoxygenated water (2.5 mL)
at room temperature. After stirring the turbid reaction
mixture for one minute, saturated potassium bisulfate
solution was added until a pH of about 1.5 was attained.
The acidic mixture was extracted with ethyl acetate
(2XX 125 mL) and combined organic layers were washed
with brine, dried (MgSQy4), and concentrated. The resi-
due was chromatographed on a 5X 12 cm silica gel
column using ethyl acetate: hexane:acetic acid, 55:45:2
as the mobile phase. The purest fractions were concen-
trated to afford 997 mg. of a white foam which was
rechromatographed on a 5X12 cm silica gel column
using ethyl acetate: hexane:acetic acid, 40:60:2 as the
mobile phase. The purest fractions were concentrated
to a foamy residue which was exhaustively co-
evaporated from toluene, heptane, methylene chloride,
and hexane. The material was triturated thoroughly
with heptane and pentane and dried overnight under
high vacuum at room temperature to afford 780 mg. of
the title (S) isomer product as an amorphous solid, m.p.
103°-107° C. (dec.), [alp= +52.5 (¢=0.55, methanol).

Analysis calc’d. for CizHi4F3NO5S-0.42 H-0: C,
43.28; H, 4.14; N, 3.88; F, 15.80; S, 8.89; SH, 9.17
Found: C, 43.51; H, 4.40; N, 3.65; F, 15.63; S, 8.90; SH,
9.67.

EXAMPLE 46

(R)-3-Hydroxy-N-[3,3,3-trifluoro-2-(mercaptomethyl)-
1-oxopropyl]-L-tyrosine

Concentrated ammonium hydroxide (2.6 mlL.) was
added to a suspension of (R)-3-hydroxy-N-[2-[(acetyl-
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thio)methyl]-3,3,3-trifluoro-1-oxopropyl}-L-tyrosine
(1.5 g., 3.8 mmol.), from Example 45(a), in deoxygen-
ated water (2.6 mL) at room temperature. After stirring
for one minute, saturated potassium bisulfate solution
was added until a pH of about 1.5 was attained. The
acidic mixture was extracted with ethyl acetate (2X 125
ml.) and the combined organic layers were washed
with brine, dried (MgSQO4), and concentrated. The resi-
due was chromatographed on a 5X15 cm silica gel
column using ethyl acetate:hexane:acetic acid, 55:45:2
as the mobile phase. The pure fractions were concen-
trated and coevaporated from hexane to provide a solid
which was triturated with hexane and recrystallized
from isopropanol/hexane. The crystalline solid was
crushed to a fine powder and stirred in heptane for 3
hours to remove trapped isopropanol. The material was
filtered, washed with hexane, and dried at 95° C. under
high vacuum for 24 hours to afford 586 mg. of the title
(R) isomer product as a white powder; m.p. 176°-177°
C., [alp=+2.5° (c=0.32, methanol).

Analysis calc’d. for Ci3H14F3NOsS.0.16 H>O: C,
43.85; H, 4.05; N, 3.93; F, 16.00; S, 9.00; SH, 9.29
Found: C, 43.99; H, 4.22; N, 3.79; F, 15.60; S, 8.87; SH,
10.52.

EXAMPLE 47

(S,S)-a-[[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxo-
propyllamino]cyclohexanepropanoic acid

a)
N-[2-[(Acetylthio)methyl]-3,3,3-trifluoro-1-oxopropyl]-
L-cyclohexylalanine

Bis(trimethylsilyltrifluoroacetamide (12.2 mL, 45.6
mmol.) was added to a suspension of L-cyclohexylala-
nine (2.6 g., 15.2 mmol) in 35 mL of acetonitrile at 0° .
The suspension was stirred for 6 hours at room tempera-
ture. A significant amount of solid remained. After
cooling the reaction mixture to 0° C., 2-trifluoromethyl-
3-acetylthiopropionyl chloride (3.56 g., 15.2 mmol) was
added dropwise as a solution in 10 mL of acetonitrile.
After stirring for 24 hours at room temperature, the

~ reaction mixture was a clear yellow solution. The reac-
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tion mixture was partitioned between ethyl acetate (150
ml) and IN HCI (150 mL). The aqueous layer was
extracted with an additional 150 ml of ethyl acetate.
The combined organic layers were washed with water
(2X400 mL) and brine (200 mL), dried (MgSQOy), and
concentrated to an oily residue. After two chromato-
graphies and several recrystallizations 1.7 g. of (R)-N-
[2-[(acetylthio)methyl}-3,3,3-triflucro-1-oxopropyl]-L-
cyclohexylalanine, m.p. 142°-145° C,, [a]p=—135.1°
(c=0.37, methanol) were isolated and 2.19 g. of (S)-N-
[2-[(acetylthio)methyl]-3,3,3-trifluoro-1-oxopropyl]-L-
cyclohexylalanine, m.p. 106°-109° C., [alp=+97.2°
(¢=0.36, methanol) were isolated.

b)
(S,5)-a-[[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxo-
propyllamino]cyclohexanepropanoic acid

Concentrated ammonium hydroxide (3.1 mlL) was
added to a suspension of the title (S) isomer product
from part (a) (1.734 g., 4.69 mmol.) in deoxygenated
water (3.1 mL) at room temperature. Dissolution oc-
curred almost immediately and the reaction mixture
was stirred for 10 minutes at room temperature. The pH
was adjusted to 1.5 with saturated potassium bisulfate
solution and the mixture was extracted with ethyl ace-
tate (200 mL). The organic layer was washed with



5,414,013

335

brine, dried (MgSQ4), and concentrated to a residue
which was chromatographed on a 515 cm silica gel
column. Elution with hexane: ethyl acetate:acetic acid,
80:20:2, concentration of the pure fractions, and co-
evaporation from heptane afforded a white solid which
was triturated with hexane. This solid was dried under
high vacuum for 18 hours to afford 1.28 g. of the ftitle
(S,S) isomer product; m.p. 141°-143° C,, [a]p=+13.6°
(c=0.85, methanol).

Analysis calc’d. for CizHaoF3NO3S: C, 47.70; H,
6.16; N, 4.28; F, 17.41; S, 9.79; SH, 10.10 Found: C,
47.61; H, 6.15; N, 4.12; F, 17.24; S, 9.49; SH, 11.77.

EXAMPLE 48
(S,R)-a-[[3,3,3-Trifluoro-2-(mercaptomethyl)-1-0x0-
propyllamino]cyclohexanepropanoic acid

Concentrated ammonium hydroxide (2.6 mL) was
added to a suspension of (R)-N-[2-[(acetylthio)methyl]-
3,3,3-trifluoro-1-oxopropyl]-L-cyclohexylalanine (1.7
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g.) prepared as described in Example 47(2) in 10.5 mL of 20

deoxygenated water at room temperature. Dissolution
occurred almost immediately and the resulting solution
was stirred for 5 minutes. At this time, the reaction
mixture was acidified to pH 1.5 with saturated potas-
sium bisulfate solution. The resulting suspension was
extracted with ethyl acetate (about 250 mL). The or-
ganic layer was washed with brine, dried (MgS0O4), and
concentrated to an off-white solid. The material was
chromatographed on a 2.5X20 cm silica gel column,
using ethyl acetate:hexane:acetic acid, 80:20:2 as the
mobile phase. Concentration of the pure fractions, co-
evaporation from heptane and trituration with hexane
afforded 858 mg. of the title (S,R) isomer as a white
solid, m.p. 116°~118° C,, [a]p= —47.2° (¢=0.65, metha-
nol).

Analysis calc’d. for CisHaoF3NO3S: C, 47.69; H,
6.16; N, 4.28; F, 17.41; S, 9.79; SH, 10.10 Found: C,
47.89, H, 6.29; N, 4.15; F, 16.76; S, 9.66; SH, 10.30.

EXAMPLE 49

(R)-N-[2-[(Acetylthio)methyl]-3,3,3-trifluoro-1-0xo-
propyl]-L-tyrosine

A suspension of L-tyrosine (2.72 g., 15 mmol) 1n 50
mL of dry acetonitrile under argon was cooled to 0°-5°
C. and bis(trimethylsilyDtrifluoroacetamide (12 mL, 45
mmol.) was added. The reaction mixture was allowed to
stir and gradually warmed to room temperature. After 2
hours, 3 mL of dimethylformamide was added and al-
lowed to stir overnight at room temperature. Since the
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reaction was still a light suspension, another 2 mL of 30

dimethylformamide was added and after stirring for 2
hours at room temperature, 3 mL of bis(trimethylsilyl)-
trifluoroacetamide was added which resulted in a clear
solution in 2.5 hours. The reaction mixture was cooled
to 0°-5° C. and 2-trifluoro-3-acetylthiopropionyl chlo-
ride (3.52 g., 15 mmol.) dissolved in 7 mL of acetonitrile
was added dropwise and the mixture gradually warmed
to room temperature. The reaction mixture was evapo-
rated to a yellow syrupy residue, partitioned between
ethyl acetate (100 mL) and water (100 mL). The aque-
ous layer was further extracted with additional ethyl
acetate (4X75 mL), and the combined ethyl acetate
extract was washed with brine (75 mL), dried (MgSOa4),
and evaporated to afford 10.5 g. of a yellow solid resi-
due. This was combined with 2.5 g. of additional crude
material prepared in another run. Flash chromatogra-
phy of this 13 g. of crude matenal on silica gel (120:1
silica gel to compound) using ethyl acetate: hexanes:
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acetic acid, 100:100:1 as the eluent gave 2.29 g. of the
faster eluting diastereomer (isomer A), 2.31 g. of a mix-
ture of both diastereomers, and 1.88 g. of the slower
eluting diastereomer (isomer B). The 2.29 g. portion
was triturated with ethyl acetate:hexanes (1:1) to give
1.25 g. of pure isomer A and 0.83 g. of mother liquor
containing both isomers. Similar treatment of the 1.88 g.
material with ethyl acetate:hexanes (1:2) gave 1.2 g. of
pure isomer B and 0.38 g. of mother liquor which con-
tained predominately isomer B. Crystallization of the
2.31 g. fraction from ethyl acetate:hexanes (1:1) af-
forded 0.8 g. of pure isomer A and 1.5 g. of the mixed
isomers A and B. The combined mixed fractions, 2.71
g., were rechromatographed twice using the same con-
ditions to give 0.41 g. of pure 1somer A and 1.14 g. of
pure isomer B. The 0.8 g., 1.25 g., and 0.41 g. portions
of pure isomer A were combined and first triturated
with hexanes containing a few drops of ethyl acetate
and then recrystallized from ethyl acetate:hexanes (1:1)
to give 1.8 g. of the title (R) isomer product as a white
crystalline solid; m.p. 202°-204° C., [a]lp=—85.7°
(c=1.0, methanol).

Analysis calc’d. for CisHjeEF3NOsS: C, 47.49; H,
4.25; N, 3.69; F, 15.02; S, 8.45 Found: C, 47.55; H, 4.16;
N, 3.62; F, 14.70 S, 8.25.

EXAMPLE 50

(S)-N-[2-[(Acetylthio)methyl]-3,3,3-trifluoro-1-0xo-
propyl]-L-tyrosine

The 1.2 g. and 1.14 g. portions of pure isomer B from
Example 49 were combined and triturated with hexane
containing a few drops of ethyl acetate to give 2.2 g. of
the title (S) isomer product as a white solid, m.p.
170°~173° C., [a]p= +11.8° (c=1.0, methanol).

Analysis calc’d. for CisHigF3NOsS: C, 47.49; H,
4.25: N, 3.69; F, 15.02; S, 8.45 Found: C, 47.49; H, 4.22;
N, 3.67; F, 14.67; S, 8.27.

EXAMPLE 51

(R)-N-[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxo-
propyl]-L-tyrosine

A suspension of the (R) isomer product of Example
49 (1.66 g., 4.4 mmol.) in 2.8 mL of concentrated ammo-
nium hydroxide and 6.2 mlL of water was stirred at
room temperature under argon for 7 minutes. The re-
sulting clear solution was acidified with 5% potassium
bisulfate solution to pH 1.5 and extracted with 75 mL of
ethyl acetate followed by an additional 3 X 50 mL por-
tions of ethyl acetate. The combined ethyl acetate ex-
tract was washed with brine (75 mL), dried (MgSQO4),
and evaporated to yield 1.48 g. of a white crystalline
solid. Flash chromatographic purification of this crude
product on silica gel (240:1 silica gel to compound)
using ethyl acetate:hexanes: acetic acid, 100:100:1 as the
eluent gave 1.32 g. of the title (R) 1somer product as a
white crystalline solid, m.p. 204°-206° C., [a]p=+5.2°
(c=1.0, methanol). -

Analysis calc’d. for Ci13Hi4F3NO4S: C, 46.29; H,
4.18; N, 4.15; F, 16.90 S, 9.50; SH, 9.80 Found: C, 46.32;
H, 4.02: N, 4.04; F, 16.60; S, 9.52; SH, 9.86.

EXAMPLE 52

(S)-N-[3,3,3-Trifluoro-2-(mercaptomethyl)-1-0xo-
propyl]-L-tyrosine

A suspension of the (S) isomer product of Example 50
(2.05 g., 5.4 mmol) in 3.5 mL of concentrated ammo-
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nium hydroxide and 7.6 mL of water was stirred at
room temperature under argon for 7 minutes. The clear
solution was acidified with 150 ml. of 5% potassium
bisulfate solution and extracted with 75 mL of ethyl
acetate followed by an additional 4 X50 mL of ethyl
acetate. The combined ethyl acetate extract was
washed with brine (100 m1L.), dried (MgSO4) and evapo-
rated under reduced pressure to afford 1.95 g. of an
off-white solid. Flash chromatography on 400 g. of
silica gel using ethyl acetate:hexanes:acetic acid,
100:100:1 as the eluent yielded 1.56 g. of the title (S)
1Isomer as a white crystalline solid; m.p. 184°~187° C.,
[alp=+59.0° (c=1.0, methanol).

Analysis calc’d. for CizHi14F3NO4S: C, 46.29; H,
4.18; N, 4.15; F, 16.90; §, 9.50; SH, 9.80 Found: C, 46.38;
H, 4.13; N, 4.12; F, 16.73; S, 9.37; SH, 9.44.

EXAMPLE 53

(S,5)-3,3,3-Trifluoro-2-(mercaptomethyl)-N-[2-(1
H-indol-3-y1)-1-(1 H-tetrazol-5-yl)ethyl]propanamide

a) (S)-a-(1 H-Tetrazol-5-y1)-1 H-indol-3-ethanamine,
hydrochloride

To a solution of N-[(1,1-dimethylethoxy)carbonyl]-
L-tryptophan (7.74 g., 25.42 mmol.) in methylene chlo-
ride (150 mL) at —20° C. under argon was added N-
methylmorpholine (2.79 mL, 25.42 mmol.) followed by
1sobutylchloroformate (3.31 ml, 25.42 mmol.). The
resuting suspension was stirred at —20° C. for 15 min-
utes at which time 5.6M NH3z/methanol (45 mL, 252
mmol) was added. After 30 minutes at —20° C., the
reaction was quenched with water and warmed to room
temperature. The layers were separated and the aque-
ous layer extracted twice with methylene chloride. The
combined organic extracts were dried (MgSO4) and
evaporated to give 8.0 g. of a white solid. Recrystalliza-
tion from ethyl acetate/hexanes gave 6.6 g. of N-[(1,1-
dimethylethoxy)carbonyl]-L-tryptophanamide.

To a solution of triethylamine (10.5 mL., 75.16 mmol)
in benzene (40 mL) at 10° C. under argon was added
chlorosulfonyl methylcarbamate (6.5 g., 37.58 mmol)
dissolved in benzene (70 ml) over 30 minutes. The
reaction mixture was stirred an additional 30 minutes at
room temperature at which point N-[(1,1-dimethyie-
thoxy)carbonylj-L-tryptophanamide (5.7 g., 18.79
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mmol) dissolved in anhydrous tetrahydrofuran (100 43

ml) was added over 10 minutes. The resulting mixture
was stirred for one hour and then poured onto a flash
chromatography column (50 mmX 6 inches, elution
with 60:40 hexanes:ethyl acetate) to give 4.22 g. of N-
[(1,1-dimethylethoxy)carbonyl]-L-tryptophanylnitrile
as a white solid. TLC Rs=0.47 (1:1, ethyl acetate:hex-
anes), [a]p= —35.8° (¢=0.57, methanol).

A solution of this nitrile compound (2.42 g., 8.48
mmol.) and tributyltin azide (4.25 g., 12.72 mmol. in
xylenes (20 mL) was stirred at 90° C. for one hour. The
mixture was cooled to room temperature and poured
directly onto a flash chromatography column (50
mm X 8 inches, elution with 2 L 60:40 hexanes:ethyl
acetate 4+2% acetic acid and 1 L. 3:1 ethyl acetate:hex-
anes +2% acetic acid) to give 1.91 g. of (S-[2-(1 H-
indol-3-y1)-1-(1 H-tetrazol-5-ylethyljcarbamic acid,
1,1-dimethylethyl ester as a white solid. TLC R#~=0.09
(60:40 hexanes:ethyl acetate +2% acetic acid),
[alp=+2.23° (¢=0.71, methanol).

Ethyl acetate (30 mL) was saturated with HCI gas at
0° C. at which point anisole (7.4 mL) was added fol-
lowed by (S)-[2-(1H-indol-3-yl)-1-(1 H-tetrazol-5-yl)e-
thyljcarbamic acid, 1,1-dimethylethyl ester (1.24 g.,
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3.77 mmol.) dissolved in ethyl acetate (7 mL). The re-
sulting solution was stirred at 0° for one hour at which
time TLC showed that no starting material remained.
The reaction mixture was evaporated and chased with
methylene chloride and ether and finally pumped to
0.95 g. of (S)-a-(1 H-tetrazol-5-y1)-1 H-indol-3-ethana-
mine, hydrochloride as a light brown solid.

b) (2S)-Trifluoromethyl-3-acetylthiopropionic acid,
ephedrine salt

2-Trifluoromethyl-3-acetylthiopropionic acid (7.18
g., 33.2 mmol} in ether (100 mL) was treated with
(15,2R)-(+)-ephedrine (2.73 g., 16.6 mmol) in ether
(100 mL) and allowed to sit for 18 hours. The reaction
mixture was then filtered to give 5.37 g. of a solid which
was recrystallized from ethyl acetate (4 x40 mlL) to
give 3.47 g. of (25)-trifluoromethyl-3-acetylthiopro-
pionic acid, ephedrine salt, m.p. 139°-140° C,,
[alp= +100.0° (C=1.0, methanol).

c) (S,5)-2-{(Acetylthio)methyl]-3,3,3-trifluoro-N-[2-(1
H-indol-3-y1)-1-(1 H-tetrazol-3-yl)ethyllpropanamide

The ephedrine salt product of part (b) 2.2 g., 5.74

mmol) was shaken in a separatory funnel with ethyl
ether (50 mL) and water (50 mL) containing 1N HCI

(53.74 mL). The organic layer was separated, dried
(MgSQOa4), evaporated, and azeotroped with methylene
chloride. The resulting free carboxylic acid was dis-
solved in methylene chloride (14 mL) to which was
added oxalyl chloride (0.5 ml., 5.74 mmol) followed by
careful dropwise addition of dimethylformamide (0.05
mL). The resulting mixture was stirred at room temper-
ature for 2 hours. At the same time, to a suspension of
the title A product (1.73 g., 5.74 mmol) in acetonitrile
(30 mL) at 0° C. under argon was added bis(trimeth-
Isilytrifluoroacetamide (6.3 mL, 24.12 mmol) and the
resulting cloudy solution was stirred at room tempera-
ture for 2 hours. This solution was then cooled to —25°
C. at which time the above (2S5)-trifluoromethyl-3-
acetylthiopropionyl chloride was added dropwise over
15 minutes. After stirring the light-yellow solution for 2
hours at —25° C. to —15° C., the reaction was
quenched by pouring into water (75 mL) and extracted
with ethyl acetate (2 X75 mL). The combined organic
extracts were washed with brine (75 mL), dried (Naj-
S504), and evaporated to a solid. Flash chromatography
(50 mm X8 inch column, eluting with 2 L 1:1 hex-
ane:ethyl acetate 4-1% acetic acid, 1 L 3:1 ethyl aceta-
techexanes +2% acetic acid 1 L 4:1 ethyl acetate:hex-
anes +2% acetic acid 1 L. 9:1 ethyl acetate:hexanes
+2% acetic acid) gave after recrystallization from
ethyl acetate/hexanes, 1.52 g. of the title C (S,S) isomer
product as a white solid, m.p. 208°-213° C. (dec.), TI.C
R=0.13 (60:40 hexanes:ethyl acetate +2% acetic
acid), [a]lp=—163.8° (¢=0.53, methanol).

d)
(S,5)-3,3,3-Trifluoro-2-(mercaptomethy)-N-[2-(1H-
indol-3-yl)-1-(1 H-tetrazol-5-yl)ethyl]propanamide

To a suspension of title C product (1.14 g., 2.67
mmol) in degassed water (5.3 mL) at room temperature
under argon was added a mixture of concentrated
NH4OH (1.76 mL) and water (1.76 mL). After 2 min-
utes, the reaction was quenched with saturated potas-
stum bisulfate (pH 1.5) and the resulting solid filtered off
and purified by trituration with a mixture of ethyl
acetate/etnyl ether/hexanes to give 0.73 g. of the (8§,S)
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isomer product as a white solid, m.p. 218°-2237 C.
(dec.), TLC Rp=0.13 (60:40 hexanes/ethyl acetate
+2% acetic acid) [alp=+54.8° (c=0.54, methanol).
Analysis calc’d. for CisHjsFiNgOS: C, 46.87; H,
3.93: N, 21.86; F, 14.83; S, 8.34; SH 8.60 Found: C,
47,22: H, 3.80; N, 21.71; F, 14.99; S, 8.05; SH, 12.35.

EXAMPLE 54

(S,R)-3,3,3-Trifluoro-2-(mercaptomethyl)-N-[2-(1
H-indol-3-y1)-1-(1 H-tetrazol-5-yl)ethyl|propanamide

a) (2R)-Trifluoromethyl-3-acetylthtopropionic acid,
ephedrine sait

The filtrate obtained in Example 53(b) was evapo-
rated, treated with aqueous HCI, and then extracted
into ethyl acetate, dried, and evaporated to give 3.8 g.
of an oil. This oil was dissolved in ether (40 mL) and
combined with (1R,2S)-(—)-ephedrine (2.9 g., 17.6
mmol) dissolved in ether (40 mL) and allowed to sit for
16 hours. The solid was filtered off and recrystallized
from ethyl acetate (2X40 mL) to give 4.0 g. (2R)-tr1-
fluoromethyl-3-acetylthiopropionic acid, . ephedrine
salt, m.p. 138°-139° C,, [a]p=—100.3° (¢c=1.0, metha-
nol).

b) (S,R)-2-[(Acetylthio)methyl}-3,3,3-trifluoro-N-[2-( 1
H-indol-3-yi)-1-(1 H-tetrazol-5-yl)ethyl]propanamide

The ephedrine salt product of title A (1.53 g., 4.0
mmol) was shaken 1n a separatory funnel with ethyl
ether (50 mL) and water (50 ml.) containing 1N HCI
(4.0 mL). The organic layer was separated, dried
(MgSQy), evaporated and azeotroped with methylene
chloride. The resulting free carboxylic acid was dis-
solved in methylene chloride (10 mL) to which was
added oxalyl chloride (0.35 mL, 4.0 mmol) followed by
the careful dropwise addition of dimethylformamide
(0,035 mL). The resulting mixture was stirred at room
temperature for 2 hours. At the same time, to a suspen-
sion of (8)-a-(1 H-tetrazol-5-yl)-1 H-indole-3-ethana-
mine, hydrochloride (1.73 g., 5.74 mmol) in acetoniirile
(21 mL) at 0° C. under argon was added bis(trimethyl-
silyDtrifluoroacetamide (4.4 ml., 16.8 mmol) and the
resulting cloudy solution was stirred at room tempera-
ture for 2 hours. This solution was then cooled to —25°
C. and the acid chloride solution was added dropwise
over 15 minutes. After stirring the light-yellow solution
for 2 hours at —25° to —15° C., the reation was
quenched by pouring into water (50 mL) and extracted
with ethyl acetate (2 X50 mL). The combined organic
extracts were washed with brine (50 mL), dried (Naj.
SO4), and evaporated to a solid. Flash chromatography
(50 mm X 8 inch eluting with 2 L 1:1 hexanes:ethyl ace-
tate +1% acetic acid, 1L 3:1 ethyl acetate:hexanes
+2% acetic acid) gave, after recrystallization from
ethyl acetate/hexanes, 0.68 g. of the title B product as a
white solid. The mother liquors were evaporated and
re-Chromatographed (25 mm X 6 inch, eluting with 2 L
1:1 hexanes: ethyl acetate 4+ 1% acetic acid) to give,
after recrystallization from ethyl acetate/hexanes, an
additional 0.26 g. of white solid for an overall yield of
0.96 g. of the title B product, m.p. 206°-213° C., (dec.),
TLC Rr=0.23 (60:40 hexanes:ethyl acetate +2% acetic
acid) [a]p=—93.3° (¢=0.52, methanol).

c) (§,R)-3,3,3-Trifluoro-2-(mercaptomethyl)-N-[2(1
H-indol-3-yl)-1-(1 H-tetrazol-5-yl)ethyl]propanamide

To a suspension of the (S,R) title B product (0.9 g.,
2.1 mmol) in degassed water (4.2 mL) at room tempera-
ture under argon was added a mixture of concentrated
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NH40OH (1.39 mL) and water (1.39 mL). After 2 min-
utes, the reaction was quenched with saturated potas-
sium bisulfate (pH 1.5) and the resulting mixture ex-
tracted into ethyl acetate. The organic layer was
washed with water and brine, dried, and evaporated to
give a solid which was purified by flash chromatogra-
phy (50 mm X7 inch eluting with 1:1 ethyl acetate:
hexanes + 1% acetic acid). The resulting material was
recrystallized from ethyl acetate/hexane to give 0.59 g.
of the title (S,R) product as a white solid, m.p.
206°-213° (dec.), TLC Rp=0.11 (60:40 hexanes:ethyl
acetate +2% acetic acid), [alp=--38.6° (c=042,
methanol).

Analysis calc’d. for CisHisF3i3NgOS-0.1 H>O: C,
46.66; H, 3.97; N, 21.76; F, 14.76; S, 8.30; SH, 8.56
Found: C, 46.93; H, 3.80; N, 21.38; F, 15.06; S, 8.38; SH,
15.40.

EXAMPLE 55

(S)-N-{4,4,4-Trifluoro-2-(mercaptomethyl)-1-oxobutyl}-
L-leucine

a)
2-[[(Phenylmethyl)thio]methyl]-4,4,4-trifluorobutyric
acid

To a solution of lithium diisopropylamide [prepared
using freshly distilled ditsopropylamine (4.47 g., 44.4
mmol) and n-butyl hithium/hexane (18 mL, 45 mmol,
2.5M)]in dry tetrahydrofuran (35 mL) was added a
solution of 4,44-trifluorobutyric acid (3.0 g., 21.0
mmol) in tetrahydrofuran (25 mL). After stirring at 0°
C. for 1.5 hours, the solution was cooled to —78° C. and
treated with a solution of benzyl bromomethyl thioe-
ther in tetrahydrofuran (10 mL). The solution was al-
lowed to stir overnight as the temperature rose to ambi-
ent. Volatiles were removed in vacuo and the residue
was dissolved in ethyl acetate and extracted with 1IN
sodium hydroxide (50 mL) and water (2 x 20 mL). The
combined basic extracts were acidified with concen-
trated hydrochloric acid (8 mL) and extracted with
ethyl acetate (2X 100 mL). The organic extracts were
washed with water and brine, combined, dned
(MgSQO4), and concentrated in vacuo to give 3.82 g. of
an oil. Flash chromatography on 350 mL of silica gel
and elution with ethyl acetate:hexanes: acetic acid,
50:100:1 gave 1.36 g. of the title A product, TLC
R=0.38 (ethyl acetate:hexanes:acetic acid, 50:50:1).

b)
N-[2-[[(Phenylmethyl)thio]methyl]-4,4.4-trifluoro-1-
oxobutyl]-L-leucine

The acid product of part (a) (2.26 g., 8.1 mmol) was
converted to the acid chloride by heating with thionyl
chloride (8 mL) at 90° C. for 2.5 hours, removing excess
thionyl chloride by distillation, and pumping the result-
ing residue on high vacuum at 70° C. for several hours.
This acid chloride was dissolved in dry acetonitrile (5
ml) and added to an ice-cooled acetonitrile solution of
L-leucine/bis(trimethylsilyltrifluoroacetamide  [pre-
pared from L-leucine (1.12 g., 8.5 mmol) and bis(trime-
thylsilyDtrifluoroacetamide (4.85 mL, 4.7 g., 18.27
mmol) in 45 mL of dry acetonitrile at 0° to ambient
temperature overnight]. After stirring for 5 hours, vola-
tiles were removed in vacuo and the residue was dis-
solved in ethyl acetate, washed with 5% potassium
bisulfate, water, and brine. The dried (MgSQO4) organic
solution was concentrated in vacuo to give 4.5 g. of an
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oil. Flash chromatography on 500 mL of silica gel and
elution with ethyl acetate:hexanes:acetic acid
(80:120:0.5) gave 2.56 g. of product containing some
by-product.

HPILC was performed using 400 mg. sample (2.85 g. 5
total) injections on a 30 X500 mm YMC S-10 column
under isocratic conditions of 70:30 (B-90/10 methanol/-
water—0.1% trifluoroacetic acid:A-10/90 methanol/-
water-0.1% trifluoroacetic acid) at a flow rate of 50
ml./min., the pooled fractions containing the desired
product were concentrated in vacuo to remove metha-
nol and the resulting aqueous concentrate was extracted
with ethyl acetate (3 x). The organic fractions were
washed with water and brine, combined, dried
(MgSO4), and concentrated in vacuo to give 2.43 g. of 15
the title B producit.

10

| o
(5)-N-[4,4,4-Tnfluoro-2-(mercaptomethyl)-1-oxobutyl}-

L-leucine
20

To liquid ammonia (100 mL) at —78° C. were added
small sodium chips (527 mg., 22.9 mg. atom). After 10
minutes (blue color formed immediately), a solution of
the title B product (1.53 g., 3.9 mmol) in dry tetrahydro-
furan (3.9 mL) was added followed 10 minutes later by
solid ammonium chloride (5 g., 94 mmol) to quench the
reaction which was now allowed to warm to —33° C.
(disappearance of blue color). Excess ammonia was
evaporated (with argon flow) and the residue was parti-
tioned between ethyl acetate and 10% potassium bisul- 3
fate. The organic layer was separated, washed with
water and brine, and dried (MgSQOy), to give 1.2 g., of
material (combined with another run for a total of 1.88
g.)-

The diastereomers were separated by flash chroma- 35
tography on 500 mL of silica gel, eluting with ethyl
acetate/hexane/acetic acid (60:140:0.5 then 80:100:0.5).
Rechromatography of various mixed fractions and hex-
ane (ethyl acetate) trituration affords 700 mg. of the title
(S) isomer product as a white solid, m.p. 102°~105° C., 4o
TLC Rp=0.29 (ethyl acetate:hexane:acetic acid,
100:100:1) [a]lp=—42.6" (c=0.97, methanol).

Analysis calc’d. for CiiHi1sF3NO3S: C, 43.85; H,
6.02; N, 4.65; F, 18.91; S, 10.64; SH, 10.97 Found: C,
43.72; H, 5.62; N, 4.70; F, 18.94; §, 10.45; SH, 11.94.

EXAMPLE 56

(R)-N-[4,4,4-Tnifluoro-2-(mercaptomethyl)-1-
oxobutyl]-L-leucine

23

45

Following the procedure of Example 55, further -U
work up of appropriate chromatography fractions af-
forded 578 mg. of the titled product which was the
slower moving isomer as a white solid, m.p. 78°-81° C.
TLC Rpe=0.23 (ethyl acetate hexane:acetic acid,
100:100:1). {a]p=—9.6" (c=0.53, methanol).

Analysis calc’d. for C11HigF3NO3S: C, 43.85; H,
6.02; N, 4.65; F, 18.91; S, 10.64; SH, 12.64 Found: C,
43.84; H, 6.04; N, 4.62; F, 18.93; §, 10.48; SH, 12.64.

EXAMPLE 57

(S,R)-a-[[3,3,3-Trifluoro-2-(mercaptomethyl)-1-0xo0-
propyllamino]-2-benzofuranpropanoic acid

33

60

a) Benzofuran-2-methanol

Benzofuran-2-carboxylic acid (4.59 g., 28.3 mmol) as 65
a solution in dry ethyl ether (100 mL) was added drop-
wise over 15 minutes to a suspension of lithium alumi-
num hydride (4.3 g., 113 mmol) in ethyl ether (180 mL)

42

at 0° C. The reaction mixture was stirred for 2 hours
while warming to room temperature. After recooling to
0° C., 4.3 mL of water was added with extreme caution.
Sodium hydroxide (4.3 mL, 159% 1in water) was then
added followed by an additional 12.9 mlL of water.
Magnesium sulfate (about 10 g.) was added and the
thick white suspension was stirred briskly for about 30
minutes. The suspension was filtered through silica gel
and the filter cake was washed thoroughly with ethyl
ether. The filtrate was concentrated and dried under
high vacuum to afford 4.15 g. of the title A product as
a light yellow oil.

b) 2-(Bromomethyl)benzofuran

Triphenylphosphine (10.83 g., 41.3 mmol) was added
to a solution of the title A product (4.08 g., 27.5 mmol)
and carbon tetrabromide ( 13.93 g., 42 mmol) in dimeth-
ylformamide (85 mL) at 0° C. After stirring for 30 min-
utes, saturated sodium bicarbonate solution (50 mL) and
water (50 mL) were added. The resulting mixture was
partitioned between hexane and water. The organic
layer was washed with water and brine, dried (MgSOy),
and concentrated to a yellow liquid. This material was
chromatographed on a 5X 20 cm silica gel column using
hexane as the mobile phase. The pure fractions were
concentrated to afford 4.32 g. of (2-bromomethyl)ben-
zofuran as a white crystalline solid.

c)
[3aS-[3a,6a,78]}-1-[[[Bis(methylthio)me-
thylenelaminolacetyl|hexahydro-3
H-3a,6-methano-2,1-benzisothiazole, 2,2-dioxide

Carbon disuifide (6.3 mL, 105 mmol) was added to a
mixture of glycine methyl ester hydrochloride (12.5 g.,
100 mmol) in chloroform (100 ml) at room tempera-
ture. Triethylamine (14.6 ml.,, 105 mmol) was then
added and the reaction temperature rose from 22° C. to
37° C. After stirring for one hour, methyl iodide (6.8
mL, 110 mmol) was added dropwise and the reaction
mixture was refluxed for one hour. After cooling to
room temperature, the reaction mixture was washed
with water (2X350 ml.) and evaporated. The residue
was taken up m ethyl ether (60 mL) and washed with
water (2X20 mlL). Drying over sodium sulfate and
concentration afforded 9 g. of the intermediate
monomethylbisthiomethylene glycinate as an oil.

A muxture of this oil, pulverized potassium carbonate
(10.3 g., 75 mmol) and methyl iodide (3.4 mL, 55 mmol)
in acetone (30 mL) was refluxed under argon for 2
hours. An additional amount of methyl iodide (0.5 mL,
8.1 mmol) was added and the reaction mixture was
refluxed for one more hour. After cooling, the mixture
was filtered and the filter cake was washed with ace-
tone. The filtrate was concentrated and the residue was
dissolved in ethyl ether (30 mL). This solution was
washed with water (210 mL), dried over sodium
sulfate and concentrated to afford 9.12 g. of methyl
N-[bis(methylthio)methylenelglycinate as a yellow oil.

A solution of trimethylaluminum (11.95 mL, 23.9
mmol, 2M in toluene) was added dropwise over 30
minutes to a solution of D-2,10-camphorsultam in tolu-
ene (120 mL) at room temperature. After stirring for 15
minutes, methyl N-[bis(methylthio)methylenelglycinate
(4.2 g., 19.8 mmol) was added as a solution in toluene
(80 mL) dropwise over 30 minutes. The reaction mix-
ture was then heated to 50° C. for 24 hours. After cool-
ing to room temperature, 7 ml. of water were added
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with extreme caution. After the addition of water was
complete, magnesium sulfate was added. After stirring
for 15 minutes, the suspension was filtered through
Celite and the filtrate was concentrated to an orange oil.
This residue was recrystallized from absolute ethanol to
afford 5.86 g. of the title C product as colorless crystals,
m.p. 106°~-108° C.

d) :
[3aS-[3aa,6a,78]-1-{3-(2-Benzofuranyl-2-{[bis(methy]l-
thio)methylenejamino]-1-oxopropyllhexahydro-3
H-3a,6-methano-2,1-benzisothiazole, 2,2-dioxide

A solution of the title C product (0.94 g., 2.5 mmol) in
dry tetrahydrofuran (3.75 mL) was added to a solution
of n-butyl lithium (0.92 mL, 2.3 mmol, 2.5M in hexane)
in dry tetrahydrofuran (6.25 mL) at —78° C. over 10
minutes. The mixture was stirred one hour at —78° C.,
after which time 2-(bromomethyl)benzofuran (486 mg.,
2.3 mmol) was added dropwise over 10 minutes as a
solution in dry tetrahydrofuran (1.25 mL) and hexame-
thylphosphoric tnamide (1.25 mL). Tetrabutylammoni-
umiodide (50 mg.) was then added and the reaction was
stirred at —78° C. to —20° C. over 2 hours. Water was
then added and the mixture was extracted with ethyl
acetate (150 mL). The organic layer was washed with
water (100 mL) and brine (100 mL), dried (MgSQy),
and concentrated to afford an oily residue which was
crystallized from about 4 mL of absolute ethanol. The
colorless crystals were filtered and washed with ethanol
(10 mL) that had been cooled to —20° C. Drying under
high vacuum afforded 1.08 g. of the title D product as a
colorless crystalline solid, m.p. 145°-148° C., TLC
R /=0.18 (methylene chiloride), [a]p=—286.5° (c=0.40,
chloroform).

e)
[3aS-[3aa,6a,73]]-1-[2-Amino-3-(2-benzofuranyl)-1-
oxopropyllhexahydro-3
H-3a,6-methano-2,1-benzisothiazide,2,2-dioxide

A mixture of the title (D) product (1.05 g., 2.07
mmol), 0.5N HCI (11 mL, 5.5 mmol) and tetrahydrofu-
ran (11 mL) was stirred at 40° C. for 18 hours. After
basifying to pH 12 with 6NN sodium hydroxide, the mix-
ture was extracted with ethyl acetate. The organic layer
was washed with brine, dried over sodium sulfate, and
concentrated to an oily residue. The oil was dissolved in
about 2.5 mL of ethyl acetate and hexane and was added
until the solution became slightly turbid. Seed crystals
were added and the mixture was allowed to crystallize.
Filtration and drying under high vacuum afforded 0.71
g. of the title E compound as a colorless crystalline
solid, m.p. 123°-125° C., TLC Rr=0.16 (ethyl acetate:-
hexane, 1:1), [a]p=—52.8° (¢=0.29, chloroform).

) (S)-a-Amino-2-benzofuranpropanoic acid,
hydrochloride

Lithium hydroxide monohydrate (336 mg., § mmol)
was added as a solution in water (10 mL) to a solution
of the title E product (0.71 g.) in tetrahydrofuran (20
ml) at room temperature. After stirring the biphasic
reaction mixture for one hour, water (30 mI.) was added
and the mixture was extracted with methylene chloride
(2X25 mL). After acidifying the aqueous layer to pH
1.5 with 1IN HCI, the solvent was removed 1n vacuo to
afford a white solid. This solid was loaded as a suspen-
sion in water onto an HP-20 column which was eluted
with water (500 mL), 1:1 water:methanol (500 mL), and
2:3 water:methanol (250 mL). The product containing
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fractions were combined, reacidifled to pH 1.5 with 1N
HCI], and concentrated to afford 465 mg. of the title F
product as a white powder, m.p. 190° C. (darkened),
225°-230° C. (dec.), TLC Rg=0.36 (butanol:acetic
acid:water: ethyl acetate, 1:1:1:2), [a]p=-9.5" C.
(c=0.55, methanol).

g)
(S,R)-a-{[3,3,3-Trifluoro-2-{(acetylthio)methyl]-1-oxo-

propyljamino]-2-benzofuranpropanoic acid

The ephedrine salt product from Example 54(a) (393
mg., 1.03 mmol) was partitioned between ethyl ether
(100 mL) and dilute HCI (1.03 mL of 1IN HCl in 100 mL
of water). The ether layer was washed with water
(2X 100 mL), dried (MgS0O4), and concentrated. The
residue was evaporated from methylene chloride (220
mlL). The free acid was dissolved in methylene chloride
(3 mL) and oxalyl chloride (0.09 mL, 1.03 mmol) was
added. Dimethylformamide (0.009 mL., 0.01 mmol) was
added and the mixture was stirred at room temperature
for 2 hours. Concurrently, bis(trimethylsilyl)tri-
fluoroacetamide (771 mg., 3.0 mmol.) was added to a
suspension of the title F product (275 mg., 1.0 mmol.) in
acetonitrile (10 mL). While stirring for 2.5 hours, this
suspension became a light yellow solution. This mixture
was cooled to 0° C. and the above acid chloride solution
was added in one portion. After warming to room tem-
perature, the mixture was stirred for 18 hours. The
reaction mixture was partitioned between ethyl acetate
(75 mL) and 1 N HCI1 (75 mL). The aqueous layer was
extracted with an additional 25 mlL. of ethyl acetate and
the combined organic layers were washed with 1N HCl
50 mL) followed by brine (25 mL). The organic layer
was then drned (MgSQ4), concentrated and co-
evaporated from toluene (2X10 mL). The residue was
chromatographed on a 2.5X20 cm silica gel column
using hexane:ethyl acetate:acetic acid, 60:40:2 as the
mobile phase. The pure fractions were concentrated
and the residue was coevaporated with heptane to af-
ford 259 mg. of a white solid which was recrystallized
from ethyl acetate/hexane to give 224 mg. of the (S§,R)
title G product, m.p. 147°-149° C., TLC Rr=0.26 (ethyl
acetate:hexane: acetic acid, 60:40:2).

h)
(S,R)-a-[[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxo-
propyllamino]-2-benzofuranpropanoic acid

Concentrated ammonium hydroxide (1 mLlL) was
added to a suspension of the title G product (200 mg.,
0.5 mmol) 1n water (4 mL). Dissolution occurred in one
minute and the reaction was allowed to stir for a total of
2 minutes. At this time, the pH was adjusted to 1.5 with
saturated potassium bisulfate solution and the mixture
was extracted with ethyl acetate (2 X 30 mL). The com-
bined organic layers were washed with brine (30 mL),
dried (MgS0O4), and concentrated to a tan solid which
was chromatographed on a 2.5X 15 c¢m silica gel col-
umn using hexane:ethyl acetate:acetic acid, 60:40:1 as
the mobile phase. The pure fractions were concentrated
and coevaporated from heptane to give a white solid
which was triturated with pentane to afford 161 mg. of
the title (S,R) product as a white solid; m.p. 143°-145°
C., TLC Rg=0.31 (ethyl acetate:hexane:acetic acid,
60:40:2), [a]p=—2.4" C., (c=0.45, methanol).

Analysis calc’d. for CisH14F3NQ4S: C,49.86; H, 3.91;
N, 3.88; F, 15.77; S, 8.87; SH, 9.15 Found: C, 49.82; H,
4.12: N, 4.22;: F, 15.90; S, 8.64; SH, 9.68.
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EXAMPLE 58

(S,S)-a-[]3,3,3-Trifluoro-2-(mercaptomethyl)-1-o0xo-
propyljamino]-2-benzofuranpropanoic acid
a)
(S,S)-a-[[3,3,3-Trifluoro-2-[(acetylthio)methyl]-1-o0xo-
propyljamino-2-benzofuranpropanoic acid

The ephedrine salt product of Example 53(b) (425

mg., 1.22 mmol) was partitioned between ethyl ether 10

(100 mL) and dilute HC1 (1.22 mL of 1IN HCl in 100 mL
of water). The ether layer was washed with water
(2100 mL), dnied (MgSQy4), and concentrated. The
residue was coevaporated from methylene chloride
(2X20 mL). The free acid was dissolved in methylene
chloride (3 mL) and oxalyl chloride (0.107 mL, 1.22
mmol) was added. Dimethylformamide (0.011 mlL,
0.012 mmol) was added and the mixture was stirred at
room temperature for 2 hours. Concurrently bis (trime-
thylsilytrifluoroacetamide (0.75 mL, 2.8 mmol) was
added to a suspension of the product from Example 57
(f) (465 mg.) in acetonitrile. While stirring for 2.5 hours,
this suspension became a light yellow solution. This
mixture was cooled to 0° C. and the above acid chloride
solution was added in one portion. After warming to

room temperature, the mixture was stirred for 18 hours.
The reaction mixture was partitioned between ethyl

acetate (75 mL) and 1IN HC1 (75 mL). The ethyl acetate
layer was washed with 1N HCl (75 mL.), water (75 mL),
and brine (75 mL). The organic layer was then dried
(MgSQ0q4), concentrated, and coevaporated from toluene
(2X10 mL). The residue was chromatographed on a
2.5X20 cm silica gel column using 1 L hexane: ethyl
acetate:acetic acid (70:30:2) and 1 L hexane:ethyl
acetate:acetic acid (60:40:2) as the mobile phase. The
pure fractions were concentrated and the residue
coveaporated from heptane to afford 270 mg. of tan
solid which was recrystallized from ethyl acetate/hex-
ane. Filtration and washing with heptane afforded 203
mg. of the (§,S) title A compound as a white solid, m.p.
139°-140° C., TLC Rp=0.10 (ethyl acetate:hexane:a-
cetic acid, 50:50:2).

b)
(S,5)-a-[[3,3,3-Trifluoro-2-(mercaptomethyl-1-0xo-
propyljamino}-2-benzofuranpropanoic acid

Concentrated ammonium hydroxide (0.9 mL) was
added to a suspension of the title A product (180 mg.,
0.45 mmol) in water (3.6 mL). Dissolution occurred in
one minute and the reaction was allowed to stir a total
of 2 minutes. At this time the pH was adjusted to about
1.5 with saturated potassium bisulfate solution and the
mixture was extracted with ethyl acetate (50 mL). The
organic layer was washed with brine (50 mL), dried
(MgSQOy4), and concentrated. The residue was combined
with that from another run (18 mg.) and chromato-
graphed on a 2.5X 15 ¢m silica gel column using hex-
ane:ethyl acetate:acetic acid, 60:40:1 as the mobile
phase. The pure fractions were concentrated and co-
evaporated with heptane to a white solid which was
triturated with pentane to afford 146 mg. of the (S,S)
title product as a white solid, m.p. 141°-142° C., TLC
Rf=0.30 (ethyl acetate:hexane:acetic acid, 60:40:2),
el p=445.7° (c=0.37, methanol).

Analysis calc’d. for CisHi14F3NO4S: C, 49.86: H,
3.91; N, 3.88; F, 15.77; §, 8.87; SH, 9.15 Found: C, 49.80;
H, 3.90; N, 3.88; F, 15.99; §, 8.96; SH, 9.24.
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EXAMPLE 59

(S)-1-[N-[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxo-
propyl]-L-alanyl}-L-proiine

a)
(S)-1-{N-[3,3,3-Trifluoro-2-[(acetylthio)methyl]-1-oxo0-
propyl]-L-alanyl]-L-proline

The ephedrine salt product of Example 53(b) (1.64 g.
4.3 mmol) was partitioned between ethyl acetate and
aqueous HCl (6 mmol). The organic layer was washed
with water and brine, dried (MgSQOy), and concentrated
11 vacuo to give 0.94 g. of free acid. The material was
dissolved in methylene chloride (10 mL) at room tem-
perature and treated with oxalyl chloride (400 ul., 573
mg., 4.51 mmol) and one drop of dimethylformamide.
After 1.5 hours, this solution was added to a solution of
L-alanyl-L-proline/bis(trimethylsilyl)  trifluoroaceta-
mide 1n acetonitrile [prepared from L-alanyi-L-proline,
tosylate (1.54 g., 4.3 mmol), diisopropylethyl amine
(0.75 mL, 554 mg., 4.3 mmol), and bis(trimethylsilyl)tri-
fluoroacetamide (2.3 mL, 2.21 g, 8.6 mmol) in 15 mL of
acetonitrile, stirred for two hours at 0° C. to room tem-
perature {0 give a homogeneous solution] and aliowed
to stir overnight. Volatiles were removed in vacuo and
the residue, dissolved in ethyl acetate, was washed with
10% potassium bisulfate, water, and brine. The organic
fraction was dried (MgSQO4) and concentrated in vacuo
to give an oil. Flash chromatography on 250 mL of
silica gel eluting with ethyl acetate: hexane:methanol:a-
cetic acid (10:6:2:0.2) gave 1.2 g. of the title A product
as a foam, TLC Rp=0.29 (ethyl acetate:hexane:me-
thanol:acetic acid, 10:4:2:0.2).

b)
(S)-1-[N-[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxo-
propyl}-L-alanyl]-L-proline

The title A product (1.2 g., 3.12 mmol) under argon at
0° C. was treated with ammonium hydroxide (7 mL of
SM solution, prepared by diluting concentrated ammo-
nium hydroxide with degassed water). After 10 min-
utes, the reaction was quenched with 10% potassinm
bisulfate (50 mL). The mixture was extracted with ethyl
acetate and the organic fraction was washed with water
and brine, dried (MgS034), and concentrated in vacuo to
give 1.0 g. of a solid. Flash chromatography on silica
gel (200 mL) and elution with ethyl acetate:hexane:me-
thanol:acetic acid (10:6:2:0.2) gave the product as a
foam. Trituration with hexane (containing a few per-
cent ethyl acetate) afforded 750 mg. of the title (S)
isomer product, m.p. 100°-110° C., TLC Rs=0.37
(ethyl acetate:hexane: methanol:acetic acid, 10:6:2:0.2),
[alp=—65.8° (¢=0.8, methanol).

Analysis calc’d. for CipH17F3N204S-0.25 H»>O: C,
41.53; H, 5.09; N, 8.07; F, 16.42; S, 9.24: SH, 9.53
Found: C, 41.75; H, 4.87; N, 7.85; F, 16.41; S, 9.24; SH,
11.92.

(R)-1-[N-[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxo-
propyl]-L-alanyl]-L-proline

a)
(R)-1-[N-[3,3,3-Trifluoro-2-{(acetylthio)methyl]-1-0x0-
propyl]-L-alanyi}-L-proline

The ephedrine salt product of Example 54(a) (1.66 g.,
4.35 mmol) was converted to the free acid and then to
the acid chloride and reacted with a solution of L-ala-
nyl-L-proline/bis(trimethylsiiytrifluoroacetamide in
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acetonitrile as set forth in Example 59(a) to give 1.2 g. of
the title A product as a foam, TLC Ry=0.37 (ethyl
acetate:hexane: methanol:acetic acid, 12:6:2:0.2).

b)
(R)-1-[N-[3,3,3-Tnfluoro-2-(mercaptomethyl)-1-oxo-
propyl]-L-alanyl]-L-proline

The title A product (1.25 g., 3.25 mmol) was treated
with ammonium hydroxide according to the procedure
of Example 59(b) to yield after chromatographic purifi-
cation and trituration with hexane (containing a few
percent of ethyl acetate) 740 mg. of the (R) isomer title
product, m.p. 100°-105° C., TLC Rs=0.37 (ethyl ace-
tate: hexane:methanol:acetic acid, 12:6:2:0.2),
[alp= —124.2° (c=1.1, methanol).

Analysis calc’d. for CiaH17F3N204S.0.25 H2O: C,
41.53; H, 5.09; N, 8.07; F, 1642; S, 9.25; SH, 9.53.
Found: C, 41.75; H, 4.95; N, 8.01; F, 16.59; §, 9.36; SH,
11.01.

EXAMPLE 61

(R,S)-a-[[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxo-
propyllamino]-1 H-indazole-3-propanoic acid

a) 3-Methyl-1 H-indazole

Concentrated HCl (23 mL) was added to neat 2-
aminoacetophenone (11.3 g., 84 mmol) at —10° C. The
resulting thick suspension was stirred rapidly while
warming to —3° C. Sodium nitrite (5.8 g., 84 mmol) was
added dropwise over 15 minutes as a solution in 13 mL
of water while maintaiming the temperature between
—5° C. and 3° C. The reaction mixture was stirred an
additional 15 minutes at 0° C., during which time it
became an orange solution. At this time, the reaction
was poured 1nto a solution of sodium sulfite and sodium
bisulfate at 5° C. [solution was made by dissolving so-
dium sulfite (21.12 g., 160 mmol) in 2 minimal amount of
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water (about 75 mL) and adding sodium bisulfate until 4,

no more dissolved. A small amount of water was added
to dissolve any remaining solids]. The resulting yellow
solution was allowed to stir for 15 minutes after which

time a solid precipitated. The suspension was allowed to

stand at room temperature overnight during which time
the precipitate was replaced by a red o1l floating on top
of the aqueous layer. The entire mixture was basified
with 1IN sodium hydroxide and extracted with ethyl
ether. The organic layer was washed with brine, dried
(MgSOs4), decolorized, and concentrated to a light yel-
low solid which was recrystallized from ethyl ether/-
pentane to afford 3.83 g. of the title A product as a tan
crystalline solid, m.p. 110°-113° C.

b) 3-Methyl-1 H-indazole-1-sulfinic acid, phenyl ester

Benzenesulfonyl chloride (4.2 mL, 33 mmol) was
added to a suspension of the title A product (3.5 g., 26.5
mmol) and powdered potassium hydroxide (7.5 g., 133
mmol) in dimethoxyethane (110 m1L) at 0° C. The reac-
tion mixture was warmed to room temperature and
stirred for one hour. At this time, the reaction was
poured into toluene (850 mL) and the resulting suspen-
sion was filtered through Celite. The filtrate was
washed with brine, dried MgSQ04), and concentrated to
a solid which was recrystallized from ethyl acetate/hex-
ane to afford 5.6 g. of the title B product as a colorless

crystalline solid, m.p. 141°-143° C.
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¢) 3-(Bromomethyl)-1 H-indazole-1-sulfinic acid,
phenyl ester

A mixture of the title B product (3 g., 11 mmol),
N-bromosuccimimide (1.95 g., 11 mmol) and benzoyl
peroxide (12 mg.) in carbon tetrachloride (160 mL) was
refluxed for 7 hours. After cooling to room tempera-
ture, the reaction mixture was filtered through Celite
and the filtrate was concentrated to an orange solid.
This solid was chromatographed on a 5X20 cm silica
gel column using hexane:ethyl acetate (95:5) as the mo-
bile phase. All the product containing fractions were
concentrated to a solid which was recrystallized from
ethyl acetate/hexane to afford 2.46 g. of the title C
product as a colorless crystalline solid.

d)
[3aS-[3aa,6a,78]]-1-[2-[[Bis(methylthio)me-
thylene]amino]-1-oxo0-3-[1-(phenoxysulfinyl)-1
H-indazol-3-yl|propyl]}-3
H-3a,6-methano-2,1-benzisothiazole,2,2-dioxide

A solution of [3aS-[3a,6a,78-1-[[[bis(methylthio)me-
thylene]aminojacetyl}hexahydro-3 H-3a,6-methano-2,1-
benzisothiazole,2,2-dioxide [1.13 g., 3 mmol, prepared
as described in Example 57(c)lin tetrahydrofuran (4.5
ml) was added dropwise to a solution of n-butyllithium
(1.13 mL of 2.5M in hexanes, 2.82 mmol) in tetrahydro-
furan (7.5 mL) at —78° C. After stirring for one hour at
—78° C,, the title C product (1.29 g., 2.82 mmol) was
added dropwise as a solution in tetrahydrofuran (1.5
ml) and hexamethylphosphoric triamide (1.5 mlL).
Tetrabutylammonium 1odide (spatula tip) was then
added and the reaction mixture was stirred from —78°
C. to 0° C. over 2 hours. The reaction was partitioned
between water (250 mL) and ethyl acetate (250 mL).
'The organic layer was washed with water (2 X100 mL)
and brine (100 mL.), dried (MgS0O4), and concentrated.
The residue was chromatographed on a 5X20 cm col-
umn eluting with 2 L hexane:ethyl acetate (8:2) and 2L
hexane:ethyl acetate (7:3). The pure fractions were
concentrated to afford 1.58 g. of the title D product as
a colorless oil.

e)
[3aS-[3aa,6a,78]]-1-[2-Amino-1-0x0-3-[1-(phenoxysul-
finyl)-1 H-indazol-3-yl]propyl]-3
H-3a,6-methano-2,1-benzisothiazole,2,2-dioxide

A mixture of the title D product (1.53 g., 2.25 mmol)
in 0.5N HC1 (15 mL)) was heated to 50° C., for 20 hours.
After this time, the mixture was basified to pH 12 with
IN sodium hydroxide and the resulting basic layer was
extracted with ethyl acetate (100 mL). The organic
layer was washed with brine, dried (Na>S04), and con-
centrated to a solid which was recrystallized from ethyl
acetate/ hexane to afford 1.19 g. of the title E product
as a colorless crystalline solid, m.p. 187°-188° C.

f) (S)-a-Amino-1 H-indazole-3-propanoic acid,
hydrochloride

A mixture of the title E product (1.14 g., 2.1 mmol),
lithium hydroxide hydrate (550 mg., 12.5 mmol), water
(12.5 mL) and tetrahydrofuran (12.5 mL.) was stirred for
96 hours at room temperature. A second portion of
lithium hydroxide (100 mg., 2.5 mmol) was added as a
solution 1in 3 mL of water. After an additional 18 hours,
the reaction was diluted with water (50 mL) and the
aqueous mixture was extracted with methylene chloride
(2X 30 mL) The aqueous layer was then acidified to pH
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1.5 with 1IN HCI and extracted with ethyl acetate (50
mL). The aqueous layer was then poured onto an HP-20
column (35X 10 cm) which was eluted as follows: 400
mlL of water; 200 mL of water: methanol, 9:1; 200 mL
of water:methanol, 8:2; 200 ml water: methanol, 7.3;
200 mL water:methanol, 6:4; 200 mL water:methanol,
5:5. The pure fractions were concentrated to approxi-
mately 10 mL and the pH was readjusted to 1.5 with IN
HCl. This solution was concentrated to dryness and was
coevaporated from methanol, ethyl acetate, and hexane.
The resulting solid was stirred as a suspension in ethyl
acetate for 24 hours, atter which time it was filtered and
washed with hexane. Drying afforded 598 mg. of the

title F compound as an amorphous solid, [a]p=+21.4°
(c=0.44, methanol).

g)
(R,S)-a-[13,3,3-Trifluoro-2-[(acetylthio)methyl]-1-0x0-

propyljaminol-1-indazole-3-propanoic acid

The ephedrine salt product of Example 54(a) (265
mg., 0.76 mmol) was partitioned between ethyl ether
(60 mL) and dilute HCI (0.76 mL of 1IN HCI in 60 mL
of water). The ether layer was washed with water
(260 mL), dried (MgSQOy4), and concentrated. The
residue was coevaporated from methylene chlonde
(2X10 mL). The free acid was then dissolved in methy-
lene chlonde (2 mL) and oxalyl chloride (0.066 mlL,
0.76 mmol) was added. Dimethylformamide (5 L) was
added and the mixture was stirred at room temperature
for 2 hours. Concurrently, bis(trimethylisilyl)tri-
fluoroacetamide (0.64 mL, 2.27 mmol) was added to a
suspension of the title ¥ compound (150 mg., 0.54
mmol) in acetonitrile (2 mL). While stirring for 2.5
hours, this suspension became a light yellow cloudy
solution. This mixture was cooled to 0° C. and the solu-
tion of the above acid chloride was added in one por-
tion. The mixture was allowed to warm to 10° C. over
2 hours. 1IN HCI (2 mL) were added and the reaction
mixture was partitioned between ethyl acetate (75 mL)
and water (75 mlL). The ethyl acetate layer was then
washed with brine (75 mlL). The organic layer was
dried (MgS04), concentrated, and coevaporated from
toluene (315 m1)). The residue was chromatographed
on a 2.5X 20 cm stlica gel column using 1 L ethyl aceta-
te:heptane: acetic acid (80:20:2) and 1L ethyl acetate:a-
cetic acid {98:2) as the mobile phase. The pure fractions
were concentrated to afford 127 mg. of the (R,S) isomer
title G product as a white solid, m.p. 198°-204° (dec.).

b
(R,S)-a-[[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxo-
propyljamino}-1 H-indazole-3-propanoic acid

Concentrated ammonium hydroxide (0.6 ml) was
added to a suspension of the (R,S) isomer title G prod-
uct (120 mg., 0.3 mmol) in deoxygenated water (2.4
ml.). The resulting suspension was stirred for 2.5 min-
utes, after which time the reaction mixture was acidified
with saturated potassium bisulfate solution to a pH
under 2. The acidic layer was extracted with ethyl ace-
tate (50 mL) and the ethyl acetate layer was washed
with brine. The organic layer was dried (Na;SQ4), con-
centrated, and preabsorbed on Celite. Chromatography
on a 2.5X 10 cm silica gel column using ethyl acetate:
heptane:acetic acid, 75:25:2 as the mobile phase gave a
solid residue which was coevaporated several times
from heptane to afford 78 mg of the (R,S) isomer title
product as a white amorphous solid, m.p. 218°-220° C.,
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S0
TLC R=0.17 (8:2, ethyl acetate: hexane +2% acetic
acid), [alp= —15.5° (c==0.11, methanol).

Analysis Calc’d. for CiaHi14F3N3038.0.2 H.0: C,
47.09; H, 4.30; N, 11.21; F, 15.20; S, 8.55; SH, 8&.82
Found: C, 47.10; H, 4.02;: N, 10.85; F, 15.39; S, 8.20; SH,
10.11.

EXAMPLE 62

(S,5)-a-[]3,3,3-Trifluoro-2-(mercaptomethyl)-1-0xo-
propyllaminoj-1H-indazole-3-propanoic acid

a)
(S,9)-a-{{3,3-Trifluoro-2-[(acetylthioymethyll-1-o0xo-
propyllaminoj-1 H-indazole-3-propanoic acid

Following the procedure of Example 61(g) but em
ploying the acid chlonde obtained from the ephedrine
salt product of Example 53(b), one obtains the (S,S)
isomer title A product.

|

b)
(S,S)-a-{[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxo-
propyljamino]-1 H-indazole-3-propanoic acid

Treating the title A product with concentrated am-
monium hydroxide according to the procedure of Ex-
ample 61(h), one obtains the (§,S) isomer title product.

EXAMPLE 63

(@S)-a-[[3,3,3-Trifluoro-2-(mercaptomethyl)-1-oxo-
propyljamino]-1 H-tetrazole-5-propanoic acid

a)
(2S)-[[{(Phenylmethoxy)carbonyllamino-3cyano-
propanoic acid

Bis (trimethylsiiyl)trifiuoroacetamide (9.4 mlL, 35
mmol.) was added to a suspension of (aS)-amino-3-
cyanopropanoic acid (2.0 g., 17.5 mmol.) in 10 mL of
dry acetonitrile and the reaction mixture was stirred for
3 hours. Benzylchloroformate (2.5 mL, 17.5 mmol) was
added, the reaction mixture was stirred overnight, con-
centrated 1in vacuo, and dissolved in ethyl acetate (200
ml.). The organic solution was washed with water (2 x)
and brine, dried (Na»S04), and concentrated in vacuo.
Crystallization from isopropyl ether yielded 3.82 g. of
the title A product.

b)
(2S)-[[(Phenylmethoxy)carbonyllaminol-3-cyano-
propanoic acid, 1,1-dimethylethyl ester

To a solution of the title A product (3.42 g., 13.8
mmol) and t-butanol (5.2 g., 70 mmol) in dry methylene
chioride (20 mL), was added ethyl-3-(3dimethylamino)-
propyl carbodiimide, hydrochloride salt (2.64 g., 13.8
mmol) and dimethylaminopyridine (0.2 g.). The reac-
tion mixture was stirred overnight, diluted with methy-
lene chioride (100 mL) and washed with 0.5 M HCI,
saturated aqueous sodium bicarbonate, and brine, dried
(NaxS04), and concentrated in vacuo. The crude prod-
uct was purified by chromatography through silica gel
(100 g.) using a 1:1 ethyl acetate:hexane solvent system.
‘The appropriate fractions were combined and concen-
trated to yield 2.3 g. of the title B product.

c) (aS)-a-[[(Phenyimethoxy)carbonyl]aminol-1
H-tetrazole-5-propanoic acid, 1,1-dimethylethyl ester

The title B product (2.0 g., 6.57 mmol) and tri-n-
butyltin azide (2.7 g., 8.0 mmol) were heated at 135° C.
in xylene (30 mL) overnight. The reaction mixture was
concentrated i vacuo, dissolved in 50 mL of 1:1:8 me-
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thanol:acetic acid:chloroform and stirred with 20 g. of
silica gel overnight. The reaction mixture was concen-
trated in vacuo, placed on top of a 100 g. silica gel
column and chromatographed with 3:3:96 methanol:a-
cetic acid: chloroform solvent system. The appropriate
fractions were combined and concentrated to yield 1.45
g. of the title C product.

d) (aS)-a-Amino-1 H-tetrazole-5-propanoic acid,
1,1-dimethylethyl ester

The title C (1.45 g.) product in methanol (40 mL) was
hydrogenated overnight using 0.1 g. of 20% palladium
hydroxide on carbon catalyst. The reaction mixture was
filtered through Celite and the pad was washed thor-
oughly with methanol-water. The filtrate was concen-
trated in vacuo to yield 0.79 g. of the title D product.

e)
(aS)-a-[[3,3,3-Trifluoro-2-[(acetylthio)methyl]-1-0xo-
propyl}amino]-1 H-tetrazole-5-propanoic acid,
1,1-dimethylethyl ester

The title D product (0.78 g., 3.67 mmol) was sus-
- pended in dry acetonitrile (8 mL). Bis(trimethylsilyl)tri-
fluoroacetamide (1.87g., 7.34 mmol) was added at 5° C.
and stirred for one hour at which point a clear solution
was obtained. 2-Trifluoromethyl-3-acetylthiopropionic
acid chloride (0.86 g., 3.67 mmol) was added at 0° C.
and the reaction was stirred for 2 hours, diluted with
ethyl acetate (150 mL), and the resulting solution was
washed with water (2 x) and brine, dried (Na;S04), and
concentrated in vacuo. Crystallization from 1sopropyl
ether yielded 0.95 g. of the title E product as a 1:1 mix-
ture of isomers, m.p. 150°-158° C.

f)
(a,S)-a-[[3,3,3-Trifluoro-2-f{(acetylthio)methyl]-1-0xo-
propyllamino]-1 H-tetrazole-5-propanoic acid

The title E product (0.9 g., 2.2 mmol) and anmisole (0.1
g.) were dissolved 1n acetonitrile (5 mL). Trifluoroace-
tic acid (4 mL.) was added and the reaction mixture was
stirred overnight. 'The reaction mixture was concen-
trated 1n vacuo and chromatographed through 50 g. of
silica gel using a 7:5:88 methanol:acetic acid:chioroform
solvent system. The appropriate fractions were com-
bined and concentrated to yield 0.68 g. of the title I
product as a 1:1 mixture of isomers.

8 |
(aS)-a-[[3,3,3-Trifluoro-2-(mercaptomethyl)-1-0xo-
propyl]amino]-1 H-tetrazole-5-propanoic acid

A suspension of the title F product (0.4 g., 1.12 mmol)
in concentrated ammonium hydroxide (0.72 ml.) and
water (1.6 mL) was stirred at room temperature under
argon for 15 minutes. The resulting yellowish green
solution was acidified with 5% potassium bisulfate to
pH 1.5 and extracted with ethyl acetate ( 450 mL).
The combined ethyl acetate extract was washed with
water and brine, dried (MgSQOy4), and evaporated under
reduced pressure to give 0.29 g. of a light yelow gummy
solid. Flash chromatography on 60 g. of silica gel using
methylene chloride:methanol: acetic acid (15:1:1) as the
eluent gave 0.24 g. of slightly yellow sticky solid which
on trituration with hexane containing a few drops of
methylene chloride, ethyl acetate, and methanol af-
forded 0.17 g. of the product. This product on further
- purification by preparative chromatography and tritu-
ration with hexane:ethyl acetate gave 0.07 g. of the title
product as a white solid, m.p. 158°-161° C., TLC
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Rf=0.26 (methylene chloride: methanol:acetic acid,
10:1:1), [a]p=4.4° (c=0.5, methanol).

Analysis calc’d. for CgHjoF3N503S-0.08 hexane: C,
31.81; H, 3.50; N, 21.88; F, 17.80; S, 10.01; SH, 10.56
Found: C, 31.39; H, 3.37; N, 21.35; F, 18.27; S, 10.51;
SH, 11.01.

EXAMPLES 64-83

Using the methodology outlined above, the following
additional compounds can be prepared.

i

R;-—S—CH;-—CH——ICI:——NH—-'X
O
R3
H_

65 CH3;—C—
|
O
66 N H—
COzH
67 ! CH3—C—
|
O
68 SCH3 H--
CH
- RCO;H
69 CH3—C—
| |
O
70 (OH H—
CH
,..-f
~CoH
71 CH3—C—
.
O
72 OH H—
J/\/\ CO,H
73 CH3;—C—
J
O
74 CH; H—
)\/NHVCOZH
|
O
75 CH;—C—
|
O
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-continued
T
R3y—S—CHy—CH—~C=~-~NH—X
I 5
O
X R3
76 —{(CH>)3—C0O>H H—
10
77 " CH3;—C—
|
O
78 . H~ |
13
79 ! CH3=—C— 20
|
O
80 H—
25
CH3
X
C—N CO2H
| (L)
© 30
&1 " CH3‘“‘ﬁ"""’
O
82 H— 35
A NHT cosH
1
o 40
&3 ’ CH3;—C—
[
O
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EXAMPLE 84
1000 tablets each containing the following ingredi-
ents:
50
N-{[3,3,3-Trifluoro-2-(mercaptomethyl)- 100 mg.
l-oxopropyli-L-tryptophan, isomer A
Cornstarch 50 mg.
Gelatin 7.5 mg.
Avicel/microcrystalline cellulose) 25 mg. 35
Magnesium stearate 2.5 mg.
185 mg.
are prepared from sufficient buik quantities by mixing
the product of Example 9 and cornstarch with an aque- 50
ous solution of the gelatin. The mixture is then dried and
ground to a powder. The Avicel and then the magne-
sium stearate are admixed with granulation. This mix-
ture is then compressed in a tablet press to form 1000 s

tablets each containing 100 mg. of active ingredient.

This same procedure can be employed to prepare tab-
lets containing 50 mg. of active ingredient. Similarly,

In a similar

the product of Examples 1 to 20 and 22 to 83 can be
prepared.

What s claimed i1s:

1. A compound of the formula

54

tablets containing 50 mg. or 100 mg. of the product of
any of Examples 1 to 8§ or 10 to 83 can be prepared.

EXAMPLE 85

Two piece #1 gelatin capsules are filled with a mix-
ture of the following 1ingredients:

N-[3,3,3-Trifluoro-2-(mercaptomethyl)-1- 100 mg.

oxopropylj-L-leucine, isomer B

Magnesium stearate 7 mg.

Lactose 193 mg,
300 mg.

anner, capsules containing 100 mg. of

CF3

|
(CHy)»,

I
R3—S—CH;—CH—C—NH—X

I
O

wherein X is

(L)
R O K\'
I |

—CH—C—N CH-CORy;
*

n 1s zero, 1 or 2;
R 18 hydrogen, lower alkyl, halo substituted lower

alkyl,

—(CHy)q , —(CH32)~CORy,
R4
—(CHj)cycloalkyl, = (CH3)-(a-napthyl),
—(CH2)(B-naphthyl), —(CH3), OH,
OH
—(CHjy),—NH,, —{(CHj;),—S8H, —(CH)),—S-lower alkyl,

R4
—(CH2);~OH, (CH2);—S5—(CH), ;

— (CHj) ~O-lower alkyl,

—(CHy),~0~—(CHy), or

V4
—(CH2),—NH—C ;
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R» and Rg are independently hydroxy, lower alkoxy,
(phenyDlower alkoxy,

—QOCH ,

2

—O~—M+ where M+ is a salt forming metal ion,

O
|

—00— (IZH-O—C—-R-;
R¢

or —NRR";
R and R’ are independently hydrogen, alkyl or

—(CHy)r ;

R31s hydrogen or

O
Il
Rs—C—;

R4 is hydrogen, lower alkyl of 1 to 4 carbons, lower
alkoxy of 1 to 4 carbons, lower alkyithio of 1 to 4
carbons, halo, hydroxy, CF3, phenyl,

—CH» or —O—CHj

R5 1s lower alkyl
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56
_(CHZ)Q y
R4
—(CH2)(a-naphthyl), —(CH2),(B-naphthyl), or
—(CH3),-cycloalkyl;

R is hydrogen, lower alkyl, cycloalkyl or phenyl;
R7i1s hydrogen, lower alkyl, lower alkoxy or phenyl;
r 1s an 1mteger from 1 to 4; and

q is zero or an interger from 1 to 7.

2. A compound of claim 1 wherein

R31s hydrogen or

O
I
H3C—C—;

n 1s zero; and
X 18

CH;

—CH—C—IQﬂ COOH.

\
|
O

3. A pharmaceutical composition useful for reducing
blood pressure and producing diuresis and natriuresis as
well as treating congestive heart failure, renal failure, or
hepatic cirrhosis comprising a pharmaceutically accept-
able carrier and an effective amount of an endopepti-
dase inhibiting compound of the formula

Chky

l
(CH2),

|
R3—S—CH),—CH—C~—NH~-X

*

|
O

wherein X, n and R3 are as defined in claim 1.
4. The compound of claim 2, (S)-1-[N-3,3,3-trifluoro-
2-(mercaptomethyl)-1-oxopropyl]-L-alanyl]-L-proline.
5. The compound of claim 2, (R)-1-[N-[3,3,3-tri-
fluoro-2-(mercaptomethyl)-1-oxopropyl]-L-alanyl]-L-

proline.
* Xk * X ¥
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